12 United States Patent

Yoneda et al.

US010486491B2

US 10,486,491 B2
Nov. 26, 2019

(10) Patent No.:
45) Date of Patent:

(54) METHOD FOR ESTIMATING THERMAL
SENSATION, THERMAL SENSATION
ESTIMATION APPARATUS, AIR
CONDITIONER, AND RECORDING MEDIUM

(71) Applicant: Panasonic Corporation, Osaka (JP)

(72) Inventors: AKi Yoneda, Hyogo (IP); Koichi
Kusukame, Nara (JP); Hiroko Kubo,
Nara (JP)

(73) Assignee: PANASONIC CORPORATION,
Osaka (JP)
(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 279 days.

(21)  Appl. No.: 15/603,496

(22) Filed: May 24, 2017
(65) Prior Publication Data
US 2017/0341485 Al Nov. 30, 2017
(30) Foreign Application Priority Data
May 31, 2016 (IP) oo 2016-109588
Dec. 15, 2016 (JP) oo, 2016-243585
(51) Imt. CL
B60H 1/00 (2006.01)
A61B 5/01 (2006.01)
A61B 5/00 (2006.01)
F24F 120/10 (2018.01)
(52) U.S. CL
CPC ....... B60H 1/00742 (2013.01); A61B 5/0075

(2013.01); A61B 5/0077 (2013.01); A61B

5/015 (2013.01); A61B 5/6893 (2013.01):
B60H 1/00792 (2013.01); A61B 2576/00
(2013.01); F24F 2120/10 (2018.01)

101

' HEROMETER
N\

----------------------

¥ AUTOMOTIVE

(38) Field of Classification Search
CPC .......... B60H 1/00742; B60H 1/00792; B60H
1/00285; B60H 1/00292; F24F 2120/10;
F24F 2120/12; F24F 2120/14

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4/2015 Shikir ....oooooeeeee GO6F 3/0488
701/36

2015/0105976 Al*

FOREIGN PATENT DOCUMENTS

WO 2015/122201 8/2015

* cited by examiner

Primary Examiner — Edward F Landrum
Assistant Examiner — Daniel C Comings

(74) Attorney, Agent, or Firm — Greenblum & Bernstein,
P.L.C.

(57) ABSTRACT

A method for estimating thermal sensation calculates, on the
basis of a thermal image, a first temperature, which 1s a
surface temperature of a first area, and a second temperature,
which 1s a surface temperature of a second area, calculates
a first amount of heat lost on the basis of the first temperature
and first information, calculating a second amount of heat
lost on the basis of the second temperature and second
information, obtains an area ratio of the first area to the
second area, calculates a total amount of heat lost, which 1s
an amount of heat lost from a whole body of a person 1n a
unit area, on the basis of the first amount of heat lost, the
second amount of heat lost, and the area ratio, and estimates
thermal sensation, which indicates a degree of warmth or
coldness of the person, on the basis of the total amount of
heat lost.

29 Claims, 7 Drawing Sheets

04 201 /’__/_,20

A

: AR CONDITIONER

202

/303



US 10,486,491 B2

c0¢

Sheet 1 of 7

¢0C—

Ot

Nov. 26, 2019

0¢

U.S. Patent

L0¢

wE,&E% NOILYWILST
zo_szmw ._%mmE

r‘il'l“_“‘l'llii_il'll lllllll

"""""""""""""""

llllllllllllllllllllll

61 L3OK3AL

L Ol4

OF



dANOILIANCO

T NALYAAN N Ao dIV3aNLOWOLNY

NOILYIWHO-NI NOILONYLSN
SHALINYIYA ONILIFS] OF

US 10,486,491 B2

TINT NOLY IO HOSNIS JUNLY3dAL ]
1007 1vyan [ LSSO1 LY3H NOO3S alvidads ONiM
~ e 10 INNORY 001 201
~ JGHINGD NS 801 Y3 IO
- LNOO| NoiLysnas| NOILYENIS |~ o7 1yau
S ~7 WRYIHL L _IYNe3nl | 40 INNOWY — ggp” .. eol
001 " 30 INROWY LN NOLLYINO YD
JOVN ot~
m = TTRAURAY.
3 M3LINONNIHL |
3 01

LNANOILY INO WO OI LY VAaY

OlLVd V44V

L0}

oNLVaYddY NOLLYINELST NOILYONAS TWINSTHL
0l

¢ Ol

U.S. Patent




US 10,486,491 B2

Sheet 3 of 7

Nov. 26, 2019

U.S. Patent

. . : :- .
et

............. . R e
R A R kA Ak R N . i P EN )
O .___.___.__..___.._..__..4.___....___.....__..___.___ W L LN e
o 2 IR OO R T s
o - ¥ AL L L R o )
N - L . T Lol el nt i ol » P, Fing il T
"l L iy ' - P Ll M ) X ¥ )
- . M ] o LI i Xk ou B X I.I.:. ot mt .
LA B ) i X i &k - * @ &
_-"..” .-__-_“ - ” ...._-_-w.q * ”_-. ) M ...“.___"...”. RTATE A E W
. et . . Sl o . .r“.r”......”...'.-. R Lt et .-.” -.-.”.-.”.
b Cal e e e o N o e a AT | L)
Py -~ .-__-_ o "t ._._.4.___...-_....-...-.4-...1.___.4 . PR M S e
-_”.-_._.. o e Hn.__ o ..__..“.__. e R Ly e R R N ) .___#:__- .._.H.._._.t”.q AL
L * * L)
e e N e Py ) I"-._.___ e ._...r._._t._._.._r.q :r;#!raﬁ-rnknrnu"r.._... -...“r.-.q.q - - p .___-”.._“#”4”
W - ] _-II-. » .._
i e - :.r._.. P Eo il oy * .._"!.._
wju Wl - ” AT T AT a Tty
o Tatu st -.__..-_r.q.a.- .4_1.—.44_14_,.—-.._._14._,... -
E S e N * m i . g e e i
- T .-_ » ™ LY R A A -
.-_."'.Il iI_ .-_Il_ .r.-..-_ L ) .-. .-_ * L .-. .I-.Il. .Il..l-. ..-. l o :..r.-. -.h.-..-.'.r.-.l-.-.ll.-.ti.-. g
..ﬁ *._._..-._......ﬂ _..." R R e . ...n- s o P A A et
n" C .__. _._"-_“.__.._ .___ .__._.__._"..ﬂ T _- oy ) i e .....- T ........3 s N .___.__&1.._._.__._-.44 -.._n 4.___..._"4... e *atets ;.._.__.
e T e T T Pl e x .-._..l._._l-_.qi._..m-_ll Tii.-t.i.tl.._.i...-_._._ﬂ - 1 .r "ute .r.q.-_.—...k.-.r.....r._._ . .._._.. "N 11._.. ... TN e e W s .—l.u-..q W .r..l-..- v .-II-.._ .rlln.._ .r.r“-lll.- .rllll.a llll L I"v
[ b b or Fl . Fom N !
ii“ M" a2t “._.. I....-_.-. “ - “.-. Py e S o .l....l.r.l._.l.vl.lvl- l et .._....-. PR ...1_... “.4.4 i o *x ‘4"_:"“....._-“4.._!”"““....._-&.._4! *, -1#.—1.1.4!‘&.._..1.-_..1....._.-..1.._ ' .-_...
o . R ..-.. L T N i i
* . iroa ke ar III. ol .-.Il.l.w'l..rlﬁ.-.ll.-.llll.
LN -.__.utnaun" il ...._._ 4 4a o r..- N L Al LA -_.._-...._._ﬁ..”_._..lr_r..-n..n.._.._._".._.._ A N R .y
...__.._____1.4__.1______.____1.....___..___...._._..1__._- * gﬂl}%{ —ln-. o -—.__., e S T e e A N N e u_.“-..._-_#..-..._._#_-_-.__. x
* .-___.t-..q”.m.-_._.. . ...”l".___- AT NI M M LN N .__._-_._._.__..._.r.._.r.__..._.r.qn.__.r.__ “atat e : ..“____n .q.....b_ “a S IR B RN Y A ey ._-“l".._.._._”".___l___.._-”l-l .___l_.._-......__ adaTaTaTuraTs ._..“.-_r._._.ar.q
. = P . o - L
ﬁ' teror ._..r....-_l.r.-_l- .-..-_!.r.-....ll....-_-.t.-....lt.-.... ORI X Hl.-_ o Hllllll..llll!lti!lli-.ll__l .rl i..rl..."- . ML .._.I..... __.-.H-. .-._nr-.q.-..rl.-l _-.-..l..-.l..r.-..r. l-..ri...rnlmr..r.-.qn!.-.l.r” . T T Ty T Cx .-__n... .-_H * “.-. “lll.-_ ”.w“..“l“n..-.”li.-.“ll!“l..—.llj.—l ¥
] - PR R T Tl g l. - s X & ¥ - i X r bkrower LA - a R R OOOGODOD
gy I e ML R L . it LI rrrmeEERE R A EEE L e ) ._1.4._1._...._4 o
[ - L] L] Fialfiy Fias .r.r.r .r.! . - - - ™ - ax LI L W B W .-..-_l....r.-_.r.-..r.-_.-. .r.-.r.r.-..-. o a - e ro. ¥ ™ X dpg i o i & L)
...,.............u.rnuu*”uun“nuﬁnnﬁﬂ.,ﬂ-..., .....-L._.-.....-...-....H...._,ﬂ-u..“-.....-..-.-._-u-u_._,.._._._,-n_....-..:...n-.-,, slelslnale PL .:_-.f..ﬂ:ru..."-., g A T H._u..u _.-u .
.-IT.i........ - W W R ' R u LI B AL N O 1 . + w1 ' ...:.....Tl. i l.
L e L] L e [t -l e PR W w NN L ] -
..._.-.'.__............q+.._......_-....4.._—.-...4_—._1.44-..1.4.._-_&.4....-_.._.._. i l.- - e “ l._._-ql.___-...-...-r.__....-.lnn. L A ol T A, ...I”
._lm.__...... ...I-...... .._....i-..._.... ......_.- .....l_ * x L P e ¥ ....__.._.__.r.._,..q lilll...l ....I.-. .._.-.
| T T T " . . - . . P om r
o T e e #l......_-_t_q.q-.r.q._._i.r.q... L 1 . t..t._.qtl.r..._.._.-.rﬂ t._.-_...-...-...._..__t....rn.....r-_.._-_ N o~
o R i & » & r - r DO N ir &
A . Aty Cr A e ™ -
e, wonw e e ek S e ...-,.,-v___.._.,.q.. k v !
L N e N . ) b r .
L ..1..|H.._.H.___...1H.___-.r.......n.-.r.....___.r....a_-..r....__._-.r Ta x . N BE .Jl T A r”.___”__”.___" . “ » - . .y
el - ) »
L T e -.__ . P, e e e . e Gt q. 1-___, ,vqr.r....._-.__. - e B . .
.111.11.l...l.ll._.l....l..1._t.-.th.l. ...-_t.-.il .-_:.... rl..a.‘. .rt.-..‘....._.-_.__.q.-_?.-_l.._.l.l.l.__.__.._..__ ...__.i.._..-..l...l.__ .._.._..fl-.__. .i.i. ll.-.l? .-.Il.l.-. l.l .-_.-.I.-.l..-. .-_.-.l_
e e e e e e e e tita e e T P L. . T ... o N Lt et *
" a . .._...l—f.._-_.qn.q P P R P B T, NN .r,.qn.q.... . r...u.. 1 . ._.%..__ .4_-. - iy ity e
S T Tl __._-rlr__._.__._-..__..._._-_.______l.._.q.q.q. - 25 Cal o) WA P o
i e Ll el W b - Pl ol N P P : A e w FERLREN ol W Py Sl -
a T, Wttty Lq._T__#....___#_—._,_-._T__..q-._,-.__._-..q._:,._,__#..._..- - . LA ol s A e .
SN, e L el e a A T T L U LI AL ol ol pC ol a2l MR - AT R . ok e e . o
iy iy ey Ry iy gty - R N R R R T .rt.._....._t.qx._:.t. - - - e p... tr.__.-_._._.___-_ Ty ALY, s
A T g e ae e T . el “___. r...q.,._”..'.. - .._.._.._1__._.__-.__..._.._._.._....hq o PN ._._._"- LICH
o L b. i ".-.t.l.r....—..r...—_.lr...—...r-...—_._-...-.—.._-l.__.-..ll....-..l'.l.l.-l.-.-...l..-.-.l. e * i.l.l. Er e bk orl }. i I.I b.ib.‘l
i g - L] - - - 3
i ”#-h - r-__. _..._-.......-.. _.-_.“r-r.t.”_—,.tv AN l""h _-":.".-_-k_.:"... " H.q._.. O :....-.___.1....4”:
- L) L] o - x ol
P it L e - iy .rI".i
* ety ,.._. ,.f:r-.r._.- R tﬂ.ﬂ__ ””“&....._ Pl gt H.q.__.___” S i -..H.a.-_"
u.”t.._.._” : e n__. u__, _.___.t.__.__.__m"_.___.t__._.__- ., S, it LN ._T.q..q_-.-ﬂ x - Pl st e n.._n_._u.u_..uxn *._._”-_
s _.”_.._...m rrm..r-_ .-u. .._. e ....r.-.r.....qu".._.q g S gl h..v.._.v.- .__l.-l L L] .._.q.._n...-.rH.ql.rH.q.-.tH... A B
b dp r bom - e, - - - ¥ cA A [ ; e T T T Ty
R ._ﬂr.-“-v R I AL R M A tu._”aulunk"“ln wouieln elel o el ol o ' .h.r . AN A A L KRR TR A b
-y i L “ae! LN R el e N O - - I N ) PR O
r k. oam. ' . o -.-.-.m.l.lq.-ql.- . .... X 5 y 5 I | Fiar [ X ' » -E N
X N . e e L -l - » " o ln N N e Al T
_-.rt.r.rt.rtt.rt.r.r.r.........._-.......-.a A R ..._... .—.., 2" .-..- .—- .-v .—-_ ' amxyrE .-_-.-J.—.l..q.rlt.___...%i.q |“I”.-_ (M A A ' ] nt._..-t.,...l.f.__._.—r... t.:.._._.t.__.-._-_.-.__.-lin. AN W T T
,._-_:...-....._..._.........._...__._..___-r.__.___-. AL L R T R R T I A "-.- e ey AR e A N T e * e et e e e e e e e
drdr de dr b iy r " e . - . . . o i rona
+ B i.”.:. .:..r.:.b..:..r.:..:.b..f-—.b.ll.-l.b.i .-l....r l..__u..- -..-. -..:. ! . r. " L I. ir i g i l. E1i. - i. - l. I_-Inl. l”ib. I““ i“'iﬁ' Il ”i ”.I . ._. ln.-. "a - :I.-.I. ].i'alb.l..l”.”l”-.-lb.-.ll.rll I-_ - ?b.l.‘?l.i l.}.li.".l.l. ‘b.l.i’.-.li‘..-.lt‘.-.l.
.._.._.-.-__- ...H... .._..r........_..r........__.._.l....-_..._-_._._!. N I.”-. LR RN RS S RS ] L L ... - P R R N BN N Y .-h.r.. “... H-. .-..41 .._.4-_».._.— 4u.m ._.._-_tlh..i v.._-.'.._- LA ..._-.._...u.._.r.._-_r.r..____.__.._....._u.r.._.._q.r.._.._n.._....t...r_-. L] .._.-..._..t.-_....._.._._............. ...l._._.......-_....!...-..._i...utt.....-_....-_.....-..._
ety ........................_. R R T T AL RN e & .-...,.tv.-w.-wt-.-._.t._-t_-t.-l_-_....-_.ql._._.r_._.q.__.r o .-.“"_._._._ o u LA ML .-.___-....4...1-.__..___:..4....-_. .4...1.......-..4—.4\-..-.-‘ .___u—.q. . N T e D e I o e
+._..-..-......H...H...H...H...........___.+u.__ FAAERERARARSREEELES T T T A A T T R e T T e T e .___.r—r.-.__.._._.._..._....t...._._...__.....___. o ..q.._._...._.. R R RO .__..1— .____... ......._#........U-.._-_t......i.... Tt atnetel e
] . . . . . DR - . -
._.-w_-H........................................._....._....-.......1.._..__............ __..ru. .._..-.._.q...__1r._1.............1r1.._..-.....-._l...rt.rv.._.-.r—.._._..—.-.4-_-.1....1_—..._-..._-_.4-.....1-.__.._... L wiang I i R N AL ......-_.....-_...____...._."t...w.._!.._n...-.._'i. 3 .r....r.......-...r Pt r.r_..r.__.._._.._....r.__.:.a...
+.4:.'.-......................................._.__.r...... EARS EX RS XS EE RS .u.. b A 4 Th L L . SR R R B B B I e e e T “.___ l- Nrowlan T L | Hw ....._.__..-.....n.._._#.._.'.___ ......u__._...__-.._.”._._.u-_”...
._..-_.._ .-................._............................-_:........'n._......-.......... L] L . I.ql_qqul__.l lu_ll__1 lr\ll._._l l....lili._.'ll._..._._.!.rl.rrl._.l.rl.._. LI I.-.l.__ll. '... _-...._ .-_Il H!ll R " l. '1.__._| ._.lln. IL-. ....._ RN RN N . * . X f..-.r-.._.___na_» aTuls
...4.__1.-__-4...4......4......._._...1........__.._._l-l.i T w oo A " T - A4 A LI . R T R E R R el ] ‘o _...4l.___...4|..._..r_.. .__.,.._.h.__..._.u A T . LR UL R Jdata b LA ...._.I..._.rn..._..m__-....r LA
+ :'i.l.l.l.l.l.l.l.l. *, l.lzq.rr.—_ L b. Sk N r. o - —. —_I I__I I—..l I-.l I__.l I—.I l—.l ITI IH- Pl ' * I * '- s i .-.l. l‘ il. o RN IHI. .Trl1.:.-..-. .T—_.-.u L T+ ! > a ._-.__i .__.-l .._.-.l » .__T... .._.I.I ._-.“.I1.ll.1 ..-.1.! * .__.T} .._.T} ._-._.I_..__T} - .__—_i..__—.l...-.—..r .l—.t .l—..r-.l—_.r-.__.—...- .l—_._-r..-.- ' ¥ . . ' ! -.- . -.- [ -.- r
i#l.!.ti.}.l.}.j.}.l.”j.”l.”l.ll-ihi ._... R R N AL A RS i L] L] 1 L r " h . _- r _-_.|1_-_..1 " .._..1..1 o l.-.l!.._..r -.ll. .:.-‘"H l“l .-..-..r».-..-.l_ i ._..—..__.-.._ e _.._... I A T 1 —_._. ._ Lo A PRELA R N I e A .__r. .__rl ....M. .__.1.1..__.”._......1.-_
Bo& & & : . R N N - . " ot = - - T ' - .-t ol e ! LI A - T T TR e e " r r - " ! - _r.__.l.....___._.. - X - F R *
L R RN I R 4.4 4 . [ 4 ' ! * * . O A I s .... R o A i I o "- li. BOK A * Fa * 1 ' LR RN BEN BE I B N B ] .__l.__.-..... * ¥ e B
- » 3 F L L L L r - l........_......_.....n..._._.. ._........._. . " v [l s k L] . . -
.-.-.li".-.”.-_”.-.u.-_”.-.“l“.-_“:..t-i a2 - LR RN N EE RN ._.._..l-.____._..-..__..__.-.__vﬂv.-.. ' ._-_._.. Tyt Tyt LELE B .u. 1.1_ 1.1. ' 1-..-. ECREE | 1......1.-_.1._1._1.-.1....._1.-._1.-..— l..-_.-. .-_.-..-_l....r .-_.-. ﬁ.—l“l““ I I.rl._...__.-..-_. LN .-. .... . .H.vu .”_.- P Y LIl I h._. AL L L PR -.-. 11.... 11.... . W __.- LR e .._.._. r| .._h.. .__-... .__-_..r.._i-.
. r o e o . . r v . - o i - . e . v - B i .
.-_.-_.-..-_.-..-_.-.l.-.li... |1.-. . .._ 4 ..-. 4 L4 LI LT ..____L..__.-l .__.._l ._..-.... .__r...._..l.._....._..h..__i.._...i Y ._......_l.__._...__.-.._._.-._. .-_I .-..!l.rl i.-.“'Il I-. .-..-. H:.HHF + 1 ._..._.. ....._... ...._... .__._... .._-.... .__.1... .__r......_1.__L___.__....._1.__ .-..___.- e .__r.r..____i.._r.r . 1...7......7..-..-.._..-_ .rl.1 .r.-..l.-..rl.n.-.....-.k.r.r.-. 71.-.
ottty EENEN EREXENX EX KK LI HERE B L I _. R 1.—._1.,1-..—.__.-1.___..-.»......1.-.._.....1.—.._4 e #txl“nnu LR AN CCIUNE S O U R O ) LA LR BCIE NCRE R R PR AP R N A N N A N R e
Bt . RS K ¥ e T T . . -
A K. %k .- k. K. W.bkw N ' ol i iy Al e AL e e e e e e 1.__..1- 1.__...-...|..i..i-....-_.+.__-i-_.— a ...__. .r.._.-....-._..q.._.—.-_.__.-li....-.q.r...-v..t.— 5' Lrvu..f
i S P N .._....._n...n...-_.,.._-_.,- e e e e e » R R N N N S RO e R TR T e e e T B e e .
e S i e e e i e B LI rl.f.-. PoEboRY i T, P et _..-_ +m LAUBE JUNE S A I ..-.1._.-.. AT e T L P 1.1.__ R ._.-..__.-..._.-......1.-h re e e e ..U_
Toxed fororrTn . ' ._| r. R ] 1... ..1._. -1 N .. gt - .”.- T P Y e . CRRI e T " .._h.- l...!-.1 [T o, i P .r..-_ wln” .!.l-_. ate e Ty Ty l.__n....-.H-..”!.r 'yt .rnl k. L.. ... L.. o L.. N
LN AN L L e " J-,..._..'...__._._..., _-.._. l., -.., * !r._.—.._-. PR B N N N A el o e ey A A T e e e LI S N U I I L A R O - x Attt e T T Y S e e T
"t _.... A A A R A R R [ T T T S LI ko T tatata et N R e e e e e e e i . St e 1__.|...._.....__. e et etat
1 B T T & . . " - [N ] C ] at ..nqr.-.-.-..—..!.b 4. 1 ' 1 . N a ~ n L] - n (R > ] N
. . - - - S e e e el . . r B ™ > e ke e e W »" cm o w
A A L ...r.l-....r..-_.t..-...r._._...r..-.... LN A ) r..I.ri._.L..rL._rL..rl” & e .-.l.-_ .-.-..-_-_.r._-. e’ a e e LI i .rql.—q.i....rq...-.-.ql...-.q.i“ Tt .._1. .-..11 .-..111.-_.11.-_.1--.. n.-_l....__..-.._..._ aMat PR .....“.-........
N R " L A L 1. 11.. ] EIERE L LT .m_ FLEREE LALLM 1;1 L Tt T e e TR T T e .”1__.._ t...._.r.rw.._,..-_t-_,..-.nl,.._. “aTna ey .-___1.-..n-..-_I,..-_.__-_.,..-..__I..-.._I.,.l_.“..-_.-..__l.r.-..r.L-.._ .l..-.l.. e
. 1 . CECI) R - . - . . . . - - " - ar F ir & . -
._l. Tt .r.._1..-.-1 T Ty U I M i Y .r ] .r l..r..-.ml.v.__ i L .-” -...i... * .i... o “" gt .-.l- .-.-.-_ PLELT . ' *'m 5'm »'m xR R .!”.l .-.”.I .-_1.1...!1.1“.-...-_ l. -. .r..-_.._r .-..._ .-_.-.r .r...l ...l.n.;..!.-.-.L St . .-.1 AR .._.....__ n.r_-n.._.r.-..l.r.....-. .._..._.l..!.r Wt e - o S
- R ; - - . . .o . LN et - . P Y r.on L] - .y ‘r n oo -
A e x S R - N S SRS - LT e I A A R R I P T T DL A e EA A EA R N AR T L
. . . " " . . bl - B odr o b L] a r LI B . . P P e om - - d 4 - i .T‘.T'?l.'l.'l.' | ' ar i = i A m mm d = i
.r_nq.”,-.._,.hf .-...._ h.l wataTuts ol ba st st l-. .l..'.rh-_--.. SO Rt Bl -..-..__l_.-v...l...q .v..»lv.-.! .-._- a'r ' 2'n 2’ &' 1..-.1.hlh.l..-fl..-.l.h.l....-fl._“.h.i.h..-_.._r..-_.__.r.....__.m *a%s%a .._....-...-. LA * e .-..1.._....._-..1..1...._-..1.....__-.”.._..._.-_.._1..-_...1.-..-.-..1.._.. . S
R R R e i - r = = 1.111.1».1._..__......- L P P P EI R T I R AT R S R R R .-...r.._ TR v R I R R R Rt A
" R R, ' B .r.r.i.!l.r.-_........ L..-.il.-...r.r.rl o hor dr . . R - . e m A A aLay Y o .-_.r.-..r.-_.r.-_.r.-.! I dp dr b ok i & l.-.‘...‘_...lr.._..._.........r......r.....
e e e e e e ..__.._..._. A A CRERCRE R S e .-. oI ORI .r . .—- o 3 P I I I I I I ) SAANARRRRARASNN - H W U e e @ e e e e e e
.....- .r.__.__i -.-.1..... 1.... -.r..11-_- oy f. ... ._.. o l.._- . .- 4....-.-_.-.._..._.-_... 1.... . o - . . LI ..._..1.__..11.._ o . e e o L l.-..l.. -... .l.. . pe A ¥ i....'qil'.-.I...I.-.I...I.-.I...I.-..I...I....i-.t.-.i.__l.-..l.._I....i.._.l.-. i.a.i._l.-.ll..
r ro. - ' - . - . L - .. - - s ar i
. . - ....1.__ .....l - .._..r.r._...._.r?.-..-..l.‘—.i..-..-_.r.-_.._.-. .-.1 .....-_.T .ri ...._-.n.._..ri.._.... III11 .._._..1 - ._.u..q .._.rl A R AN T Jwkw o g o .-_....I.._.I..._.I.__..r.__ql.__.._. I..._. ..__..l .....-.I ”.-..__. .i__.-.k.rHl._.____.r.r.__.....__l.....___ L-.__. ....H-_-_.r.”..-......._it.r.....-_......._.-_..r._.-...r_..-_-_.r...-_._..._.-.._..r__.-_.._u._.-_-.._..r.._..-.”.r”.r
L ) L » ....l.-...1...l..111-lh. P i .._!-I.r:..r.-.r.._ A - s B rkrr ko . - W ...-. A e T LT T [ S W OO N X - e w e W I.-_.....lr._. I.II..__.II.-.' .
P ERE al e aEE i : N ; ot e ' - . R . EC it . . -l e T e T e T N T T e T T o
-l .-.-.l.l-. .J.-l ...-_11.!1"?' .:.l.:.l' -I'.:.'lI i.:.' I.rl.l.l\}.ll.'.llb.I;..T li'?.-.}.i.'ii }__ .1#“-.{1“—.}.—. I—..l lr.l -_.rl.-_.—.l -_.11 L J - b oo [l e i e rl......-l!...-”l.....rl...r j..-.i.'“l.ﬁ'jl.“'“l.l.l”.l. El Ill.l.i.”l.l.““ i.” .THl.qb. i.1.:. .—_b.rll.T.rI.—_b..r.i-_b..-.l‘_Tr.l!k.!.f!.#b..ilb.#”"k.'”"“l.”.r
] i LR I ST IE TR R TN LA e L LN L N N e e e e ...». y CRERE DN SE R TR B LA 1\.-.,-..1.......4._1.4.-.._.44.'.-.-.._.. x I ) -
N L AL bk LN b S e . : L e e IR R . * 1 T T, o a e e e e e e e i i . I e B e e I e I e M )
Pa » RO AR R LR W I e P . koA aa w ey .._. SN e S N A M Al A e e o e B b R B o Xk
wobr e - ll-.q L U, i e LI i & e i i i L 11-._.|||.._.|.1..|1.|1.1___.qr‘._.._...___. Pl e R L] P N !.4 e L kR e, o .r1.r1r.r.r.1.r.__.r+.r+r+.r-___-_._-_.r-.r-..4-|.
"o Ill__...-.l___. l.__..-. L] * l..-_.Tl....-q._.._..._..l L 'y R LR L R R 1 Foa . ¥ X omor n ............ L - R R Al ke kR X L .l - - s - i i .
g, e r.q...t.r...._-_...—.q.-__..q“.___.__r o N R “.-”.__. “ ,". e e e e L “ “ “ ,“ “,“ NP " .__1....,..__ " . H ” _—..__.—_____-l.-..”...uiu......t"l.qtl...a_..mt...t.-: Pt - ”.___".4“ _._ﬁ _-.vH._q".rn...".r”.qu.r”a”t.r....._t.ra.-_.__ it .._.._..“:.....4.___ ...atvka.uuknuﬂ...”...u#”...”.
oy e dp L] Illti.i.rl.l..-_ il LAl g L L ] b - [ . - l-.ll.l....__.....__l.li.__._-.li.._-.I.__-.I.__. e [t SR Sl hoa k. -..-. e W W R e e e e e ek ek e [ e e i i e - i
L L e R L0 UL L A E AL ot 2L B B A O LR Sl el Rl el . & a2 h o kr ke ko TR L L S W Ak N N e R A e
R A .r.....r.q__.—-...q.r.a - T T T L T L L L N L e ._._r-.q_-..q._._ N W L N L PR
.—.4.._.4........4._1.-.4........_._1..__..4... PN RN ) _._l.....__..____.__..._.___-_.__ ' R ] 3 L] q a5 .oF aa ata A w i deow ¥ A t.— ..-..-iit.al-... o i o NN N e ) .-..r...._..-.r.__.r.-.r.-.r.__..r.___....-_.r.-..._..___.r.___....__.._..r.___.._..r.___._...._..r.__._-.vl.
ip i 'i'l.' 'I.I'I.I.'li.'l. & o & & dr & e A pa oM m o - - |.......__....._I... -_.._-.1—..__-. Mt F F k F et Fa F I » Syl g e iy ey e il L) i e P e Ml ek b A L3 X
AU U A e e e AT T e e T ¥ A R MR S R B T i Py P P e N Tl T g A P e M NS
I o dp de & dp & e & b dr ok Ak ..1 (] u . ' .. i roa o L . . r e L3 i - » - ! L L, Ty » [y L3 L}
Pl bl al .-.4".-.414“&!"1.-1.-4_-..-!.._ on v v ...til.a.q!._-_!.-_ llll.-_....__.-r IR TC N e e T ..”.v ..”.'....rn...._-.. . ...u-_ IR " .__H- ...”... ....'..‘..__”.......T»...w._»..htm...rim.._.r-.__'t-_.__hi-..__.v.-p_..hlrlhirl.-.nil.qlll# .__.HIHIH .r.___...i”_._..... e .._h.r._ﬂ. e tli.r”.- .rH” .r.r._-....-_.r._...r._._.._...r._._.__....r....__.....r...-....r....-..q.a...-.q.—.q#
[0 U P U LA A o o N .r.-.._..___.r.q1__.1q.1 L RN I B R N AN N L A N N N S I N R R S o o o e e - T i i Tl
L ROt L nC AL UL U INE e o Nl ar e rora . ' ' ' E R | . . 1 a R R T L] L] oo - L L] :
T Ta e .-.'.-_“ .-.'Ill_ll_l ill.-. J.Il..t.-_ll..rll.l..r l:..__.- .-.._....-.H-.__—. 1.__ Paeta s ...-. ...-.-...-... ”..1..“.. ...“-....”..... ”r......nll..rl1...”1l1..”1I.Tl.-.I-..-.-.b.-....r.-._. .-_-.r .-.-_.r-..-..l-..- Il__.-..-i .-_.l..l.-. l.rll.ll.li. .-...l.-.....il.r.h .r-h”..-.-i.l.__-..__ E'.Tl.l.-.....l..-.-..-.l..-_l
4%{ *, N R R R e wre AR B U R N S T R L g i g B e e WX sk At T T
A Rl AL R L R N I L r T e e A i T P ) S
g e -Ill.r“-.q..ln.q.w s -..-l.llln..rlll.r..."#t.._"- ...-......' .1.. I AL ML B P e Rt ..“.. o T e L e e e TR N T .lﬂ....-.q..“..r.i”.—.i”
- ._._l..". a2t L e ) L T R e Ry R R e e e S T T e EME R
i ......_-_r...... .-......_!...... ....-....-....-_.._-.r...l.-..r.......-q........-_t.._..1.....1.....1.-. l:. .r.._.. -_..-. LI . i R i TP R A & A A Rk R R e =l rokor R
* NN LI ] I.-.-..w.-t..r .rl.r.-. I T T T S S S e R T - a x a e e O . .
. e e e T P ALy L] SR e e R e e T e T e T T T T e .
......l.l...-.ll.. Il-..__.lli.-.lliﬂl Il.lll._..-_ l....-.l“".-..-.ln.-..-.l".-_ I”” “n..-_.-. l..-.l.L“.-..-.l-.H””“ .-..-.i..r.._..-.i x -_.r.-. TatLy, i_.._.._..-..'-_.....-. ! ll - .r-l * A “:.h.-_lmr .r”- b e i i .-.....l .-...-”. -...l._ -..l._ !..l....-...l_.._.l..l_.._.-. .lnu .-... ...1. .... R N M N N N N IR IR * -.“_. .
- - - - . - . P . a e -
L 4._._t“1“.r“___- l._.__n.__.w.__.__ Pai _-I__n.__t.._.__nr.w_._w.-_._.._...___.-_-.q.__ ._____..-_.._._.r-___..___ A A A aTe e e e e T T T e R R A R R e PRI s A
I”“l“ T Ay A R R, e B ....}. e e b a A o ‘M ATEN PR EA R .i.-.-. .i.-.-. .i.-.-. A ELE EE AR R R R e e e e e e BN PO . . N
i - . . . T - - . . . rs a LI P - . -
.r".___.....__.“m“.__..._ - “._. ....._.“._H.....___ ”#“-_.__ a0 .“....-...._..-..__.__.__”._—.. ...Ilt_.._._-..__.-_ ._..__..-..H.-_ N ___..h...q...., Tt A e e e hh.,.n..-___ .—. .-.__. .-__H.—r aTa e .—.___..-_.-_.v!.-— LA .-..-1..“_ At .___...- Tt H_..v .___.__._.._.__._-.r H.._ 4
. .___l". i e Bl el e R i i SO0 TaT T NN R N NN A N W o B R LR IENE AT A A LA ' ' porow Ea dyw d e s N -
A R T ...-....._-_..._-..r Pl N P e N N N e drr bk B R ' . . . - [ . ¥ 4 -4 4 e L PR T A ; L U N I D B ._....m.._.i....
X ST I T R A L U U e LI - S L AL [ . .. . . . X N . - g -a l.ib.iilli.fl 1}. e e
e e e e e e e e e s e e e e e T e e e T e e oA R A P o PP .._.tq.r.q._..r_.t___.q-..qw_..-..qwt-...-t-.t_- " ale alwa e aT eTe a T a e
* ot s e e e N A e TR T S T T e N N A L e AL A . S T e .r~r,* e TN,
1 ¥ Wk Ik %+ A i b X I i ...t.l'...-.r.-. o e T . a1 1 3 ..1..1.._.1..11._1 a i " .m .d .k .k [ ] L] Ll x . . P T i R S B A AL N ] R L L
- n AR R A B A A B W A e R e e R b R R R AR .__.._—.___lq.___.__.._.__._.q.._.q.._1 I P g ........_. I LU . . - wor e e e R
. r ._..._..__.__.._....".....-._..-....-.._..-.....-. [ N NN LA R R L LI B O R B B i [ L . - L] 1 1 ' O T U Tl ) i LU R R RO RE R I LR L L RN e AL e
£ LTI L N L N e R LN R LN L . A PR N T N N T I N e N N N A Ay
.__w "-_.4 A Al b K ECC M AE 00 30 BN PR R T L N S R A R B R B R B O AL L R A A LA R A L T e e T
* S P S ....-_._...4.._._-.___... LSl el e ol s atal al ol bty T N R L A L R R R P T T T o . . e .___..__-..__l-.__.____-._.u.__.u Ty
* Mttt et e e e e i N S N AN L B x k SR U R L B R eIt L N N Y ) T L T Y e e T e e LI U
] “._._l".-_ B i o T i e, A . X [ oL I A A L R R R A . e L P P R P A R I I
+ e R N e e ) L P N N R N R T e I O - Ll e ey B ey S Rl R [ I | B e R IR A .-_,..___-._.____...r.__., L
K B T e - i A TN T v P LIC 0 IE T A R B R T S R St ' e e e e e e e .__.4
5 LR R N N N ) .r.-.r.-....l.....-.l.l' R bR R R LI | LN L AT L L I x . . 1 1 1 b . ] - - wm om ko m o koo oa o i ow i I.__.i.._.._i.-..__..rh.__..._ .ri-_.r o et P L ) F3
EAL ORI R LI N N o F ol al et ...-.._. T T ) o ......_......_..___q..__......__.___.q..__.-....u.___...__....q ST T TR T TR T ol ._.___.__.___.__.__..r._____ .r.__.k.._.....___.r.__..a.___k.___....__...r..__
’ ..."r..."-... e i e R RS ' - l....-...........:....:.__. LN Mo K ! PR e T LA LA A L L L A LRCNC BEE SN S s e e e M, o
E ) X E L e B e e B e ) .r.-_.r.-.__ ™ [ T ol O LN I Am A T - 1.__. ¥ Fr k- k. r = ki - Eoea o ow . e e . .- . x . - » - II......[.__.!.._.-....._.
A I A n e vy G A A e ST e T T e L R B B e e e e e e T A T T
o S L Ll * e R * ) R L r " LI A N Y A L " * i .-_.-.....-..-_...ltl.r...-.._.._..__qv1!
i T ARE R R . am . N BN N " LILBE B AL o mh oa W LI ™ EaC N A
R T T T T e r.q..,.._.r.._.q....-.._.—._._.q........_r.-t.—t.q.r S R ;ﬂ,ﬂ,_q,m_.,-,r..r..rn.- gl it T LT, LR L . T 2 g
-.l.-_.-.l.r-_.r.-.l.l.ri.l..-..-..-..-..-.tl - PN N MY N .I[.iltll!l.r xn L ' res rdr R g o e ar ek At - " a a - [} S ET K TR X Ll . l.._....l.._
LN e ....-.-.... Ll ] T -......._I.-_ e P ._.r . S L N R .._...n.__...-.l__.._ e T
L R N ...-4-4-...-4-..,.___-..,....-._1.'.., AT alrlaTa Al ad koAl L O LA A AT ) i e T . a e T e e
¥ e I e R T R R L N N s -1'..-. ....r'v1v.-.1.. L P T N Vel . P Al A Al e
i i il i b * L a " * - ra e B PR F IR R R [y L Tt L e L
. Tale , . " ...l ...” l...”l-..._lll... T ll.rlll... o .-_ AT e n .“.1.. .”..1._ . R -t”"”t..."n... R A -...U::t LN S B A A h....-... -._._ * ”_r.......- ." H.._.._ ...” LS S R L A
- . - b - R . - . =
) #_-...4“.....__-* _._.._.1 u_._ e LA AR H..r R R e e T 1.. " LA a iy .4_._!”.4... “.4“-”.4”_._.._.,.4“_._.....4_._..
. . ] - - - - = - - =
M Pl NN N N L] ey ._..4"-.._._..-...4“—.._.4.._-..,....4.4 AL R R L N LN Pty A LN
n.__._._-.q.._.._—t.._.._-._,.q_._-t..r-_ ..__._-.,4__,____ ) _._uﬂ%.._.._.._n..__. L L A AL ) O LA 2 _-ﬂ.._.-_.r.q.-at.. . #..a.v._._t...t i .-u- n.._u-.q "a et
e I_..llllmlIIlI"x.III. ol T e e e -..-...h..vh,._.l.l-l-.lu__ﬁl-q{- o - A
o -H.___“."..q.q.._-”.q”ln...._._-_ el e .__”“.___.__. RS ___“ I R NN .
& - . n O r " r - i &
__.._-_._._..l Al -__..._._!.4__- ”.__M4 ”ﬁ ”.wl._l.__. ) e e Y ...v.:...-". .n-.l.....__._u..__._-_
B e W ...__. n W e I R N e B B LN )
I!Illil..lll“.ltllbﬂi"lllﬂ#”l"l&l"l# Pl - 4 A N T T e LT t“..' i“.. ..-.,__..-. t“- lH...I”I...I” i~ I....
L N ) A " ok ara-amTa Tt Ty L Pl S, »
A dp o g e B i Wb A kX m k& i ol ] ' ' 2
T T gt g gt e ___.l... (] O o] L) . " et et et .—..».-. .—1.-1.-....'._....__. T i
...-i.._I.qn...l.q_-...._-.:..._ ..._-.4 ... ._...4.... i v " I_-_ l._-_l-.u.r..__.q . . ¥ " s -4....-._...4._._ .4_-_ -
e oy . L e f e ol )
lli...lnl.__.ll._-_.ll-..r... AR R e ._...._ II .._I-..-..q lIITIIl...__.q_...qt_f.r._ ..f.__t..__....rqtt.r-_.u.-_.__...._-_l.-..q... Lol N
r.q.___- 4;t;k4.4|r4.-~4.. ..q.q..; o R - -_ . e e e e L A S oy T J-_“-_
r
ey ..-_... A, -_ﬁ... . .____-“ » o« e W . el M aa e )
... ¥, .-”.4 X l.m-...“.._“..r“....“#” -...“.._"}“...“...”.._" ”.._H....q....-____.._...q.___ X .__..._"-_.._..4 e L .._.H.__..—.._.H.___”... S i Mgl o o e ot LN A Al . P ._...._.___".___” -.q”.-"._..“.___l ”.__.".._.H.___".r“.___”t”.__..-_t....q"-..q.-_ at Pt
Tty 4 Ak A T N T N Ty R R Yy P - Ll U e e i P e R x it
e e e e e e e e e e e e e e e e e e e e .._ﬁ._-. e N Y .._4 T w A - #l.-_....._.r........_ e e e e e e | L. Ul
.._.m_..i.-.:._-_.__m-__-i L ) |.__1_ o A Mo e N e e e N N aTa L, P I ) L) e R N _ s
Ll I e L nt ol ot el nl ol ._...___1._._.—....-....-..4.-_... o waaE o N .4._......._._......-.-...-..._-.... o E ._ L R N N N ) X ar ._..._._.4.-_...1.....-......-_.... .... o
M R RN RN M IR M N M MR R N N e N e M PPEACRE N M AL N oM P T ~ .___"r..__. Ly ...!.._._-..._-..._-.r.q.qﬂ.r.r.q_..-».r._.q....q i
A A A et e ot sl B e e Rk .___'.__._._-__._..._._-_..__..._.__._____...L__... ¥, Ul e - T S ) e e L
e e e i e B e e e R ot o el el e el e e N ] i L e e N L e N LT
ol a e ol el ol ._._.41...-........4.-_... B e b & e ey Pl e i R I-....I.-..._ ol e nl e e ) SRS ey
....4._..___.__...%._____..4._-._..__..._.4__1.-.4.-._1...._—_1.4.4—........14.7._1.._... R RN RN R R L N N N N M M e g .___M.. ...-4-.4-.__.._...___.4—..,.___....—... i il g
e Y e e e I T T T T ol N A A P e __._.r__. - Ul al
T L F R R e e A L e L e e o e L ) ol O T Sl T T M P B e e - __._.____.__._.1__. ) __._.____..______. .___.__..q._m_...r._.__._a._._.r.__ ' .t
LU L L R L L A e R L e e .4-..._...._-_..._-..._-.4.-_....-_.4.___... i T i i L N Y ) .-.l-_.-_ Ll kol ] * T e T iy i w it LR ot
e b R L .r.....r - ...........r.-..__...:....:..-.-_...l.... &+ & i LY » [} L3 ...l...-..-.i-_....-. .r....r.'1.r.r.-..r.'...l [ -_L-_
T e e [y El ol ot ol el 3 O A A e o ) L) P S P g s
e e Ty oy - * Pl w Rt ! PO L e e L e e g Lo ey
> S ol e -
.-.r”“l...H........_”...lt”.qu"..”......uu..rlu.qi___ r.q..__.r e e e e e ....4.-. -_H e “... * e “-.u-.”li-.._._t H| T g e, I-_._._tll.vt.._l:l._...ll”.q ”..__-. "._.. ”J.._ “.._"1 h...“”_-_.___-..____-_.__.-.q....___-t...r-..r....__.-.r......_-.r....r_-..r....v ...tltn.q_-.t...t .._l.__. “.__..-....
L AL L O N B M NN P N RN ) oy .rl.-:..rl.-..
» e EH"EI.I.E CE N E N KN * }.i AEER AR EE LR i el e U e e e R Lllllli..li.l...l.rll_.-_ .-.I.Il. & i &
L el Ll ol ol el el nl ol )y x g .-. Ll AL L L L ) - i dr e .-.-.-.I.-.i.-.i.-.l.-. Fa N o
e L .......rt.rt.r.q.rt.rt.r.q.r.q.rt.._ - g e St P e e S -
L A L I N R .r & i & * * e ) - * .r t -
- LY - e lare a et e e ..1 A e il.-.lliml.. ...llllllillll...__l.-_.-. I.-. III-...I"- . e e AL N e )
.4.4 .r.._.q .r-_... ___....4 .._.4 .._.4... -....._! -...-.._..ri.r.....__-_t.q..__-..r.qt_-_.r...t_-_.4_-_.._...1.._|....r.._._....r....4.._....._.._ e T NN N e o ._1 X i ML ._...._.-_r._._.a e e T T it ....w .
e .—.w“-.q.__“-...._..-___..-__.“-.-i.._ i/ iy .-__.ll-.r ._.I_._-__.I_._.:q ._.:._.Il!.l._.-.._..-l-.q...._.—,n ”—,H..”'” .r.__”-_...-“.-..-. o, "" .4._...".__._.. LAt o ._._!.__. ' .__an“-.“._. "-.___.__.4 ot -__n_._l....n-_l-.w llirnll—,.nll-. .-.wlululninl”l”tnl"l”l”l”l” IHEH AN ...”I".__”I"..___H AN .__..4.___.1.__..____-.-_..__..__..___-_.__..-.___—....., .__. ....
A T T a T T i RN .w i * " . T T L L, AL o e M e e T Y i o tl_._-_#._.._.-._.-_...__._.—,t._.___.
ar o O RN r._...,_..r.-.__ WO i e N e .w .w-_-. iklnirlnln-_..i...liillnlkln-nlilnl_.. - ) N A N ._,._.....4._1.___._. TR AR A T A A AT R oy x Tl et Ty .___ui .
. i e e Tl il T T T T T At o LRI aT wra s e Pl A *.-.._-_*._.-_.q-_...al._.-_;l..-__..-_-_-a.....'._. Al . L R R AR At etk ut el
o Pl II.JI.."# - e W e e e P MR * ATy e e a W, tliiillltlllllliil-..:_lll II-. ¥ P B MM A e e R MM A A AN N RN MR N My e
'n et - - _-_.__. N ) ....___.__. .__. .__..___....__..___.___.__..___.4.-_...._-_4.-.....-_.__. ._..__._._ .__..___.4 L] ._.. & X % a ' L Ll ] AL A .4.-_.__. T T T e T o o e L Ak ..t...t........__....... A
e e e L e el e PRI ._,4._,.-..,4.1..,._,4._._,._. P N N N Rl LN .___....._...-__.. o~ _._u-_ e e M A N .q.___.q....r ! T e i T Eoaw e n M Nyl gl ¥ ¥ .._.._.__._.__._. ik Yuteulnluis’y )
I T o R N R - . oy tl-_-.tll-_.._.l._.-_.__.....__....__.lllli...l._.-_ M Pl A s el - ... afal T ..__-_._.i...ll-_.__.. e o - - .-_-.__...1.4 .-._...-".4 N
Tt g gl i .____...___..___.w_.__._.___..._.__-.___.___._- W Tttt A T R Ty MMM R M e - A " _-__-r. L ..-.___.._.r.___ e AE AN LR AEAESEEE S P N LN N
.__“.__. L B L) P AT M A N R T T i ._..-.4.-..4.._..1.____...4 .4 aty L i B X L) - o o L e ot B aE ALl e el el ) an s L...___ . .___ R N N, e Py gy i .___ L A a A LR A
w dp ok i bk %t R N 14-.., Pl ._...r._.____.....-.__..._.q-.q & i B Fia, 3 . i ._1 .. .... i L N & B B b % B R &k E R KN R .___.r.__._....___ .___:..__.:.___!.___-_..__.-._._—.___-.__.-.___-_.___ i .__.Im_... i ...I-. ..._-_ -_3___-.-_._ li....-_.-_lt_-
* ._...___.4._._.4._._....___.4.__.... .__.._._......_..._1 ol o ) ........t.__t-.l._..-_.._.l._.i.__.l.___ l...-.._._-....- ey - _-_ l_.._._ AL AL * palat A S A et alar Aol s el ol ut e al i alar b at WE At At 0l R A w'i .._ _._l"..___l".___ TaTn A -.__.'.____ LR .__..-_.....__..___.-_.__.._._.___.__..4.4
] ] _1__..__. ..l._... .___ .._-1.___ R, ) .-Il.._l.-_ l.._.:.._u#.___ Ly ' e e e i .4.-_. .4._._.__. Pl B & B & R W dr o T gl A s i i -_.__Iu:._-_m__._I.m-_-.-.-.- _-_t_-t._-_-_-_...._._.___.._._-_.__..___.-_.__..-_r.__. .-_ :..__. - & .4—.___-.__..._..4.____-_.....___.._. A -_.r.___..q:.._. ERCE N e M AN )
Ill l:l”" A n e at Rk el Rt AL L L e e -.-.-.-_I.-.-.-.I.-.I.-.l " PP ol " Ty EYEFSEFES RS ] .-_r.-.l AT ol ol nl Lkl et el ) LN I N ) .-_.-..-_ .-. R R R Mt .....-_ e s e T e e e e e
e L e e e ae T T T e e N N Y LA i - » il e g i ke ko8 P P A Al N e L M MR MM o el N * .___ .__-_.q _.__._ o ag L
o a aaa  aa a, g R e e e A - o A L A Ll g ) LN I N R e A ] i e L b e A ut S st M nl x 'y LI SO W RN N ) P RN A AR A N S nE i
e NN A .._-_"-..._u-__..uh_._# ar oo O MU RO " ERE Il A RE i Wl B BRI M A et e ] ) B o S L e prg wm et T T e T
L) L) .__.!n.-_ T T .4—.4_—.__.-.___-_.4.-_.__. S B R Nk Rk N T N P Eal » RS ESEEES RS Ty A .4.-..4.-."._.. o e R nle ) - PN N N Nl o ) iy ok R R e d e
o ol ) .__....“.... & b % i & i & & W de el i e W kR X R e e e e T - t-. -y Ll e e i ey oy i .-_!.-_!...-...-..-.-...u.r e B e B B Xy
* W LI S e L e CRE R N LI R A Nt el P a0l 2 e wC e X ) A N N N e WA A e aE e Mt Al aE At » N Pl
A e R R N, AT T e e ¥ I e e e L o L L, g ol e 'y - T
L) s et .___in.._ L P I I A Dt o o AEEEE R AR A & L X .._l" ity T e P A st t_qv.q-..-.q- R S AL
- T etata T el .___.,_..___#...r.q.q.q.q.qr*._..q T e e e " . Tt .__.“x._._ ol o P S e ) ....___-._._.___-._-_1...-4-.4-_..-~ W X 'y
L) LI N EaC K | .-.I.-.i.-..rll.- .-l..rl..rl.b.l..rlb..-.b i LI L - [} LN ) * ] ill.. X N ) * - I ) L] LA L i, Pl M 5 x X &k ko r 'II - - Y > '
A e e e e e e e e e T e e o A e e U e e e el R N N oo g _-L-_IL_-_.__.__.II:_ e ) .
N N T T - Ll e ) N N M N ) LA AL e e  a r a a at .4 AL R AL NN .___'_-_-...-_- ol wl ol nl el )
" i gl el el e el e e e e M e s e ER R p K Ak LI 3 i b b N O& F & T W i A e R AR R R . ettt
Lt L L T L L T ....._ P A i R RS RS R RS LN e ) L N N M L L, AR e Wl et el e Tt )
e e A BB e L e N A I A P AL IERCE S ACoa UM M MM N U M L ML L N, e e e - Il.iLlL-.IL-. L -
e b Ay . EaC bttt N o of 3 Al 2t R s, .____._4- ] T - » - ol N e e W
.r...l.l..._"-..._ ok &k K & .r.._....._.t...t...:..-.......:....-_..-.i-_ ERL U o A e ) '3 _-.l.:.-_ L] rars e g i e .... ... L] .-_-.-. L, iy L e e N
LU R L S T B ) R de e bl M e e i Wi i N e e r...r....r.._.r .r l-...r.-..- Ll el nl ek el nl ) -
s e S e e
o o P P, Tanas ...t.r.._:.....q._..___r.___..........r.___...r. I I A L i i .__.J“-_.__..___....___u........_.r._._.......r... o .__.....-._._ ECt a0 aEar alalal a0 sU A 2l ratatatet
LA R p R MR Xl A e e .r.__.._.._._-..__r..__. e e R Y ) x gl e l..."....q _-_"-.__. 4"-.1"#.._...”-“.__”-.........._-_....._...... o .r.___.r.-_rt.r.-.r.r.rt _-.lt_-_.q_-.t...t._t._r.._.r.._.r.,._.._.r.-.r._...r._..qt.r.-.q.....rt.__..q.-:r . ltﬂiitﬁttlﬂiitlﬂiﬂitiﬂll.ill&i x .
- R N .r._."_-_._...q R N l._..___.__. T -..4.__. NN LS .__. L A 1._._.4 R e e e - L g R l-+tt-..|-.|_-.i..l-_._..._ . I..._-.-_I“..“L".-"lt_-_.-_ L T e L L, LA ML N .__. LN .___ b B
u Pl P PN MMM ._._-_._._ .r__.._._ L ALl et ATt “aa e _._.__."-..-_.__. e Ty n e L AR NN N A Y .___.._- - u__ “ RPN N . PR At M e R a bl
e .__....ti___....._.-._' ._.l.__ el ...”I.-_. L”l.“....._...ﬁ.....q e ...._.. AL, -.._._..L"i..___l.-t.q » U B N .4.4 . .._.L___.-..rl.__. Fa et .4.__.._._...!.4 .___ H“._..l % lt.-_. Ilt._. avars 1-. lt-....-_“.-..rlul.rl._._ .r-_”-_-.lﬂ.l”ltlﬂi.-l-_.l - 4t-.t.4lnl...lntlltlllt-iil.llltr.....ﬂt" ..ﬂl.-_.L-. .._._.__ v .._._.._-l.-._-..q L .-... A pLCab At b ou L ol
R S e A ol A ke M W o L ..i-.._. ol o T L L * A Nt > A At A R N N A L i »
it I .......r.qt.r.q.r.r._...r.r._._ N e o .._"-.._ "! o -y '._.... lt ... _-_.-_ Sl o ._.....r.-_.h...r.-..,.r.._....r._._. v I L P A ML NN e N .rl-.iltn_llllilttill-.._._t e e . o
Jq._.-.__..q._._ Lq._._ ._,.4 A T a Tt e ol atal e lalelatel S .._.___.._. r.q...n......"t”.__"ﬁ .____._...._...___ L__:. o 't.q.q-r.qt-t....___'tf_-r.._...ﬂ...t o T T e T
L - k...#.___r e t L R A ] -
MR ' a . ate e e .-. .__..___.._.__._-1 M N Tt mn .
AL *.._u_.r A AT .____., « n__. s Tty T Sty - _._.___ .__.- AR R A e A R R A A _._:.. g e 2
R .____._..___.-.t.. W ._..___.4._-__..-._-__..-.__.w._.-.tlltl_...wlnt.-_tl_-_...r.__ltl...-r.l.. i LA -.._..__....-...1.4-.., .-. .-_...._...-.._._.-_L___.___ .._. .__.-.___-..___-.__.-.__.-_.__.-_-.-._.__-..__. * AL AN R A
....n-__..-.a.._.-_-.._tvll_-_._.._-r.._la_.-..._-.._..n e L N R e e " e s " e * N NN W
.._..__.__..._.._._.__..___._..._. e .4.__..-____.....4.___:..44 P i i e .__..4_-.....__..__. .__..___.__._-.:..__.....___-.__..4_-_- _-.__..___..._-_........_.._._t.__.._...._.....t.__..__...-._..._....__.r___._.-...._._ . L
.....”_..__.,.r.....__-....q..__w..........-.-.......-_t.......-.r M N A R L LA A RS,



U.S. Patent Nov. 26, 2019 Sheet 4 of 7 US 10,486,491 B2

FIG. 4
“START )
5101
B STORE WIND SPEED AND AIR TEMPERATURE
IN'SECOND HEAT LOSS CALCULATION UNIT
5102
SET SETTING PARAMETERS OF AUTOMOTIVE AIR CONDITIONE
_ 25103
 CAPTURE THERMAL IMAGES
5104

SET CONVECTIVE HEAT TRANSFER COEFFICIENT how
DURING AIR CONDITIONING

_ 5105

[ CALCULATE AMOUNT Hew OF HEAT CONVECTED IN WIND AREA ]

o
RN
o
o)

CALCULATE AMOUNT Homw OF HEAT CONVECTED IN WINDLESS AREA

P
R—
-
~J

CALCULATE TOTAL AMOUNT He OF HEAT CONVECTED

4 fadl
I CALCULATE TOTAL AMOLTNT Hr OF HEAT RADIATED

P
—
O
QO

| E——

5109
CALCULATE TOTAL AMOUNT H OF HEAT LOST
o110
| ESTIMATE THERMAL SENSATION Ts |
5111

TRANSMIT INSTRUCTION INFORMATION
TO AUTOMOTIVE AIR CONDITIONER

=ND



US 10,486,491 B2

Sheet 5 of 7

Nov. 26, 2019

U.S. Patent

Chl

w7
4% __

we— /A

: %‘ OY

30N
L0l

N\

0t
3 LFR0N0A

1423

0¢ L0¢

G Old




dANOILIANCO

T NALYAAN N Ao dIV3aNLOWOLNY

NOILYIWHO-NI NOILONYLSN
SHALINYIYA ONILIFS] OF

US 10,486,491 B2

LINONOULY 10 TvO
o001 LY3H UdIHL

St 13N
MO 14 LV3H

HOSNIS IHNLYYIdNAL ]

. LINN NOLLYINOTYD _
1507 1Y3H . HIv/333dS ONIV
O N SS01 LY3H ONOO3S >
" LINR 90} o
< GNooF NS 801 AL LOE
e INOO[ NoiLysnas| NOLLYSNIS [T 507 1van
z TNSEHL L2 .
oo HOINIOWY]_ [ 1n Nowing v SYHTNYD TYWMTHL
5307 LYaH 15K s
OV o
m = TTRAURAY.
g MALINOMNIHL | {4310 AH ]
k 04 Pl

LNANOILY INO WO OI LY VAaY

OlLVd V44V

L0}

oNLVaYddY NOLLYINELST NOILYONAS TWINSTHL
V0l

O Ol

U.S. Patent




U.S. Patent Nov. 26, 2019 Sheet 7 of 7 US 10,486,491 B2

FIG. 7
_$101

o TORE WIND SPEED AND AIR TEMPERATURE
IN SECOND HEAT LOSS CALCULATION UNIT

5102
SET SETTING PARAMETERS OF AUTOMOTIVE AR CONDITIONER

103

CAPTURE THERMAL IMAGES
5104
SET CONVECTIVE HEAT TRANSFER COEFFICIENT hew
DURING AIR CONDITIONING

5105
CALCULATE AMOUNT Hew OF HEAT CONVECTED IN WIND AREA

5201

v
CORRECT CONVECTIVE HEAT TRANSFER COEFFICIENT henw
UNDER WINDLESS CONDITIONS TO OBTAIN CONVECTIVE HEAT
TRANSFER COEFFICIENT henw!

5202

CALCULATE AMOUNT Henw OF HEAT CONVECTED
IN WINDLESS AREA BASED ON HUMIDITY

8107

l CALCULATE TOTAL AMOUNT He OF HEAT CONVECTED '

5108
CALCULATE TOTAL AMOUNT Hr OF HEAT RADIATED
5203
' CALCULATE AMOUNT Hed OF HEAT CONDUCTED I

! _S204
| CALCULATE TOTAL AMOUNT H OF HEAT LOST |

9110
ESTIMATE THERMAL SENSATION Ts
5111
TRANSMIT INSTRUCTION INFORMATION

TO AUTOMOTIVE AIR CONDITIONER

=NU



US 10,486,491 B2

1

METHOD FOR ESTIMATING THERMAL
SENSATION, THERMAL SENSATION
ESTIMATION APPARATUS, AIR
CONDITIONER, AND RECORDING MEDIUM

BACKGROUND

1. Technical Field

The present disclosure relates to a method for estimating,
thermal sensation, a thermal sensation estimation apparatus,
an air conditioner, and a recording medium.

2. Description of the Related Art

A thermal sensation estimation apparatus that estimates
thermal sensation, which indicates a degree of warmth or
coldness of a person, without a report from the person 1s
known. When the thermal sensation estimation apparatus 1s
installed 1n an automobile, for example, an automotive air
conditioner can be efliciently operated by controlling air
temperature of the automotive air conditioner or the like on
the basis of the estimated thermal sensation.

One of thermal sensation estimation apparatuses in
examples of the related art 1s one that estimates thermal
sensation by measuring an average skin temperature of a
person on the basis of a fact that the average skin tempera-
ture and the thermal sensation have a high correlation. When
this kind of thermal sensation estimation apparatus 1s used,
however, a temperature sensor needs to be directly attached
to a person’s skin, which 1s not practical.

In order to solve the above problem, a thermal sensation
estimation apparatus that focuses upon the amount of heat
lost to an outside from a person’s skin through clothes has
been proposed (e.g., refer to International Publication No.
2015/122201). The thermal sensation estimation apparatus
according to International Publication No. 2015/122201
calculates the amount of heat lost from a person on the basis
of a difference between a human body surface temperature
measured by a thermal camera and an atmospheric tempera-
ture (air temperature) and estimates thermal sensation on the
basis of the calculated amount of heat lost from the person.

SUMMARY

In one general aspect, the techniques disclosed here
feature a method for estimating thermal sensation used by a
thermal sensation estimation apparatus. The method
includes obtaining a thermal 1image of an area including a
person captured by a thermal camera, calculating, on the
basis of the thermal 1image, a first temperature, which 1s a
surface temperature of a first area, which 1s a part of a human
body surface area including skin or clothes of the person,
exposed to a first thermal environment, and a second tem-
perature, which 1s a surface temperature of a second area,
which 1s at least a part of the human body surface area other
than the first area, exposed to a second thermal environment
different from the first thermal environment, calculating a
first amount of heat lost, which 1s an amount of heat lost
from the first area of the person 1n a unit area, on the basis
of the first temperature and first information indicating
thermal characteristics of the first thermal environment,
calculating a second amount of heat lost, which 1s an amount
of heat lost from the second area of the person 1n a unit area,
on the basis of the second temperature and second 1informa-
tion indicating thermal characteristics of the second thermal
environment, obtaining an area ratio of the first area to the
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second area, calculating a total amount of heat lost, which 1s
an amount of heat lost from a whole body of the person 1n
a unit area, on the basis of the first amount of heat lost, the
second amount of heat lost, and the area ratio, and estimating
thermal sensation, which indicates a degree of warmth or
coldness of the person, on the basis of the total amount of
heat lost.

With the method for estimating thermal sensation accord-
ing to the aspect of the present disclosure, thermal sensation
can be accurately estimated even 1n a non-uniform thermal
environment.

It should be noted that general or specific aspects may be
implemented as a system, a method, an itegrated circuit, a
computer program, a computer-readable recording medium
such as a compact disc read-only memory (CD-ROM), or
any selective combination thereof.

Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be 1ndi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 1s a diagram 1llustrating a use case of a thermal
sensation estimation apparatus according to a first embodi-
ment,

FIG. 2 1s a block diagram illustrating the configuration of
the thermal sensation estimation apparatus according to the
first embodiment;:

FIG. 3 1s an example of a thermal image obtained by the
thermal sensation estimation apparatus according to the first
embodiment;

FIG. 4 1s a flowchart illustrating a procedure of the
operation of the thermal sensation estimation apparatus
according to the first embodiment;

FIG. § 1s a diagram 1illustrating a use case of a thermal
sensation estimation apparatus according to a second
embodiment;

FIG. 6 1s a block diagram 1illustrating the configuration of
the thermal sensation estimation apparatus according to the
second embodiment; and

FIG. 7 1s a flowchart illustrating a procedure of the
operation of the thermal sensation estimation apparatus
according to the second embodiment.

DETAILED DESCRIPTION

Underlying Knowledge Forming Basis of Present Disclo-
SUre

A method for estimating thermal sensation used by a
thermal sensation estimation apparatus according to Inter-
national Publication No. 2015/122201 presupposes that a
thermal environment (atmospheric temperature) 1s uniform.
If a thermal environment 1s not uniform due to cold or warm
wind from an automotive air conditioner, heat from a seat
heater, or the like as 1n an automobile, for example, thermal
sensation 1s not accurately estimated.

The present disclosure, therefore, provides a method for
estimating thermal sensation, a thermal sensation estimation
apparatus, an air conditioner, and a recording medium
capable of accurately estimating thermal sensation even in a
non-uniform thermal environment.

A method for estimating thermal sensation according to
an aspect of the present disclosure 1s a method used by a
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thermal sensation estimation apparatus. The method
includes obtaining a thermal 1image of an area including the
person captured by a thermal camera, calculating, on the
basis of the thermal 1mage, a first temperature, which 1s a
surface temperature of a first area, which 1s a part of a human
body surface area including skin or clothes of the person,
exposed to a first thermal environment, and a second tem-
perature, which 1s a surface temperature of a second area,
which 1s at least a part of the human body surface area other
than the first area, exposed to a second thermal environment
different from the first thermal environment, calculating a
first amount of heat lost, which 1s an amount of heat lost
from the first area of the person 1n a unit area, on the basis
of the first temperature and first information indicating
thermal characteristics of the first thermal environment,
calculating a second amount of heat lost, which 1s an amount
of heat lost from the second area of the person 1n a unit area,
on the basis of the second temperature and second 1nforma-
tion indicating thermal characteristics of the second thermal
environment, obtaining an area ratio of the first area to the
second area, calculating a total amount of heat lost, which 1s
an amount of heat lost from a whole body of the person 1n
a unit area, on the basis of the first amount of heat lost, the
second amount of heat lost, and the area ratio, and estimating
thermal sensation, which indicates a degree of warmth or
coldness of the person, on the basis of the total amount of
heat lost.

According to this aspect, when the first area and the
second area of a human body surface area are exposed to the
first thermal environment and the second thermal environ-
ment, respectively, the first amount of heat lost and the
second amount of heat lost are calculated 1n the first area and
the second area, respectively, and the total amount of heat
lost 1s calculated by combining the first amount of heat lost
and the second amount of heat lost using an area ratio.
Furthermore, thermal sensation 1s estimated on the basis of
the total amount of heat lost calculated in this manner. That
15, since the total amount of heat lost 1s calculated in
consideration of the human body surface area exposed to a
non-uniform thermal environment, thermal sensation can be
accurately estimated even 1f a person 1s 1n a non-uniform
thermal environment.

For example, the first area may include at least a part of
the human body surface area not exposed to air from an air

conditioner. The second area may include at least a part of
the human body surface area exposed to the air from the air
conditioner.

According to this aspect, thermal sensation can be accu-
rately estimated even in a thermal environment that i1s
non-uniform due to air from an air conditioner.

For example, the total amount of heat lost may be
calculated by weight-averaging the first amount of heat lost
and the second amount of heat lost using the area ratio.

According to this aspect, the total amount of heat lost can
be accurately calculated by weight-averaging the first
amount of heat lost and the second amount of heat lost using
an area ratio.

For example, the area ratio may be calculated on the basis
ol an area of the first area and an area of the second area 1n
the thermal image.

According to this aspect, an area ratio can be easily
calculated on the basis of areas of the first areca and the
second area 1n a thermal 1mage.

For example, the area ratio may be calculated on the basis
of a temperature histogram of the thermal 1mage.
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According to this aspect, an area ratio can be easily
calculated on the basis of a temperature histogram of a
thermal 1mage.

For example, the area ratio may be a preset value.

According to this aspect, an area ratio can be easily
obtained.

For example, the thermal camera may include a first
thermal camera provided at a certain position and a second
thermal camera provided at a position different from that of
the first thermal camera. The thermal 1image may include a
first thermal 1image captured by the first thermal camera and
a second thermal image captured by the second thermal
camera. The first area may be 1dentified from the first
thermal image. The second area may be 1dentified from the
second thermal 1mage.

According to this aspect, by capturing the first thermal
image and the second thermal image using the first thermal
camera and the second thermal camera, respectively, the first
area and the second area can be easily 1dentified even 1f a
human body surface area 1s relatively large.

For example, the person may be 1n contact with a certain
member. An amount of heat transferred between the person
and the certain member 1n a third area, which 1s a part of the
human body surface area 1n which the person 1s in contact
with the certain member, may be calculated on the basis of
an amount of heat received by or lost from the certain
member. An area ratio of the first area, the second area, and
the third area may be obtained. The total amount of heat lost
may be calculated on the basis of the first amount of heat
lost, the second amount of heat lost, the amount of heat
transierred, and the area ratio.

According to this aspect, the total amount of heat lost can
be accurately calculated even 11 a person 1s 1n contact with
a certain member.

For example, the certain member may be at least either a
seat ol a vehicle 1n which the person stays or a steering
wheel. The amount of heat transterred may be an amount of
heat transferred on a surface of the person’s body at which
the person 1s 1n contact with at least either the seat or the
handle.

According to this aspect, the total amount of heat lost can
be accurately calculated even 11 a person 1s 1n contact with
a seat or a steering wheel.

For example, the amount of heat transierred may be
measured by a thermometer provided for at least either the
seat or the steering wheel.

According to this aspect, the amount of heat transferred
can be easily measured using a thermometer.

For example, the amount of heat transierred may be
measured by a heat tlow meter provided for at least either the
seat or the steering wheel.

According to this aspect, the amount of heat transferred
can be easily measured using a heat flow meter.

For example, at least either the first information or the
second information may include a temperature around the
person.

According to this aspect, a temperature around a person

can be used as at least either the first information or the
second 1nformation.

For example, at least either the first amount of heat lost or
the second amount of heat lost may be calculated by a
calculation method 1n which a difference between the first
temperature or the second temperature, whichever corre-
sponds to the amount of heat lost, and the temperature 1s
multiplied by a certain value.
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According to this aspect, at least either the first amount of
heat lost or the second amount of heat lost can be easily
calculated.

For example, the temperature may be calculated on the
basis of a thermal 1image representing temperature distribu-
tion 1n space.

According to this aspect, a temperature can be easily
calculated on the basis of a thermal 1mage.

For example, the temperature may be measured by a
thermometer provided at a certain position around the per-
SON.

According to this aspect, a temperature can be easily
measured using a thermometer.

For example, at least either the first information or the
second 1mnformation may include radiation temperature.

According to this aspect, radiation temperature can be
used as at least erther the first information or the second
information.

For example, the radiation temperature may be calculated
on the basis of a thermal image representing temperature
distribution 1n space.

According to this aspect, radiation temperature can be
casily calculated on the basis of a thermal image.

For example, at least either the first information or the
second information may include wind speed and air tem-
perature of wind around the person.

According to this aspect, wind speed and air temperature
can be used as at least either the first information or the
second 1nformation.

For example, a convective heat transfer coeflicient
between the human body surface area and at least either the
first thermal environment or the second thermal environment
may be set 1n accordance with the wind speed. At least either
the first amount of heat lost or the second amount of heat lost
may be calculated on the basis of the convective heat
transier coeflicient, the air temperature, and the first tem-
perature or the second temperature, whichever corresponds
to the amount of heat lost.

According to this aspect, at least either the first amount of
heat lost and the second amount of heat lost can be easily
calculated.

For example, at least either the first amount of heat lost or
the second amount of heat lost may be calculated by a
calculation method in which a difference between the first
temperature or the second temperature, whichever corre-
sponds to the amount of heat lost, and the air temperature 1s
multiplied by the convective heat transfer coeflicient.

According to this aspect, at least either the first amount of
heat lost or the second amount of heat lost can be easily
calculated.

For example, the wind speed and the air temperature may
be wind speed and air temperature of air from an air
conditioner installed 1n space where the person stays.

According to this aspect, wind speed and air temperature
ol air from an air conditioner can be used as at least either
the first information or the second information.

For example, the method may further include obtaining
setting parameters of the air conditioner and calculating at
least either the first amount of heat lost or the second amount
of heat lost using the wind speed and the air temperature set
using the setting parameters.

According to this aspect, wind speed and air temperature
can be easily set using setting parameters of an air condi-
tioner.

For example, the method may further include measuring
in advance the wind speed and the air temperature at each
position 1n the space for each pattern of the setting param-
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cters of the air conditioner, estimating the wind speed and
the air temperature 1n the human body surface area by
identifying a position of the person in the space using the
setting parameters of the air conditioner and the thermal
image, and calculating at least either the first amount of heat
lost and the second amount of heat lost using the estimated
wind speed and air temperature.

According to this aspect, wind speed and air temperature
can be easily estimated using setting parameters ol an air
conditioner and a thermal image.

For example, the first thermal environment and the second
thermal environment may 1include humidity around the per-
SOn.

According to this aspect, thermal sensation can be accu-
rately estimated even 11 the first thermal environment and the
second thermal environment include humidity.

For example, the method may further include outputting,
to an air conditioner, mstruction information for controlling
air volume, air temperature, or wind direction of the air
conditioner 1in accordance with the estimated thermal sen-
sation.

According to this aspect, an air conditioner can be con-
trolled such that, for example, thermal sensation becomes
close to a value at which a person does not feel cold or hot.
As a result, the air conditioner does not cool or heat too
much, and power 1s saved.

For example, the thermal image may be captured 1nside a
vehicle body of a vehicle in which the person stays.

According to this aspect, thermal sensation can be accu-
rately estimated even 1n a non-uniform thermal environment
such as an 1nside of a vehicle body of a vehicle 1n which a
cooling operation 1s being performed in summer or a heating
operation 1s being performed 1n winter.

A thermal sensation estimation apparatus according to an
aspect ol the present disclosure 1s a thermal sensation
estimation apparatus. The thermal sensation estimation
apparatus includes a processor and a memory. The processor
performs operations including obtaiming a thermal 1mage of
an area including a person captured by a thermal camera,
calculating, on the basis of the thermal image, a first
temperature, which 1s a surface temperature of a first area,
which 1s a part of a human body surface area including skin
or clothes of the person, exposed to a first thermal environ-
ment, and a second temperature, which 1s a surface tem-
perature ol a second area, which 1s at least a part of the
human body surface area other than the first area, exposed
to a second thermal environment different from the first
thermal environment, calculating a first amount of heat lost,
which 1s an amount of heat lost from the first area of the
person 1n a unit area, on the basis of the first temperature and
first information indicating thermal characteristics of the
first thermal environment, calculating a second amount of
heat lost, which 1s an amount of heat lost from the second
area of the person 1n a unit area, on the basis of the second
temperature and second information indicating thermal char-
acteristics of the second thermal environment, obtaining an
area ratio of the first area to the second area, calculating a
total amount of heat lost, which 1s an amount of heat lost
from a whole body of the person 1n a unit area, on the basis
of the first amount of heat lost, the second amount of heat
lost, and the area ratio, and estimating thermal sensation,
which indicates a degree of warmth or coldness of the
person, on the basis of the total amount of heat lost.

According to this aspect, when the first area and the
second area of a human body surface area are exposed to the
first thermal environment and the second thermal environ-
ment, respectively, the first amount of heat lost and the
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second amount of heat lost are calculated 1n the first area and
the second area, respectively, and the total amount of heat
lost 1s calculated by combining the first amount of heat lost
and the second amount of heat lost using an area ratio.
Furthermore, thermal sensation 1s estimated on the basis of
the total amount of heat lost calculated in this manner. That
1s, since the total amount of heat lost 1s calculated in
consideration of the human body surface area exposed to a
non-uniform thermal environment, thermal sensation can be
accurately estimated even 1f a person 1s 1n a non-uniform
thermal environment.

An air conditioner according to an aspect of the present
disclosure 1s an air conditioner including the above thermal
sensation estimation apparatus. Air volume, air temperature,
or wind direction 1s controlled on the basis of the thermal
sensation estimated by the thermal sensation estimation
apparatus.

According to this aspect, an air conditioner can be con-
trolled such that, for example, thermal sensation becomes
close to a value at which a person does not feel cold or hot.
As a result, the air conditioner does not cool or heat too
much, and power 1s saved.

A program according to an aspect of the present disclo-
sure 15 a non-transitory recording medium storing a program
for causing a computer to function as a thermal sensation
estimation apparatus. The program causes the computer to
perform operations including obtaining a thermal 1mage of
an area including a person captured by a thermal camera,
calculating, on the basis of the thermal image, a first
temperature, which 1s a surface temperature of a first area,
which 1s a part of a human body surface area including skin
or clothes of the person, exposed to a first thermal environ-
ment, and a second temperature, which 1s a surface tem-
perature ol a second area, which 1s at least a part of the
human body surface area other than the first area, exposed
to a second thermal environment different from the first
thermal environment, calculating a first amount of heat lost,
which 1s an amount of heat lost from the first area of the
person 1n a unit area, on the basis of the first temperature and
first information indicating thermal characteristics of the
first thermal environment, calculating a second amount of
heat lost, which 1s an amount of heat lost from the second
area of the person 1n a unit area, on the basis of the second
temperature and second information indicating thermal char-
acteristics of the second thermal environment, obtaining an
area ratio of the first area to the second area, calculating a
total amount of heat lost, which 1s an amount of heat lost
from a whole body of the person 1n a unit area, on the basis
of the first amount of heat lost, the second amount of heat
lost, and the area ratio, and estimating thermal sensation,
which indicates a degree of warmth or coldness of the
person, on the basis of the total amount of heat lost.

According to this aspect, when the first area and the
second area of a human body surface area are exposed to the
first thermal environment and the second thermal environ-
ment, respectively, the first amount of heat lost and the
second amount of heat lost are calculated 1n the first area and
the second area, respectively, and the total amount of heat
lost 1s calculated by combining the first amount of heat lost
and the second amount of heat lost using an area ratio.
Furthermore, thermal sensation 1s estimated on the basis of
the total amount of heat lost calculated in this manner. That
1s, since the total amount of heat lost 1s calculated in
consideration of the human body surface area exposed to a
non-uniform thermal environment, thermal sensation can be
accurately estimated even 1f a person 1s 1n a non-uniform
thermal environment.
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It should be noted that these general or specific aspects
may be implemented as a system, a method, an integrated

circuit, a computer program, a computer-readable recording
medium such as a compact disc read-only memory (CD-
ROM), or any selective combination thereof.

Embodiments will be specifically described hereinatter
with reference to the drawings.

The following embodiments are general or specific
examples. Values, shapes, materials, components, arrange-
ment positions and connection modes of the components,
steps, the order of the steps, and the like mentioned 1n the
following embodiments are examples, and do not limit the
present disclosure. Among the components described in the
following embodiments, ones not described 1n the indepen-
dent claims, which define broadest concepts, will be
described as arbitrary components.

First Embodiment

1-1. Configuration of Thermal Sensation Estimation Appa-
ratus

First, the configuration of a thermal sensation estimation
apparatus 10 according to a first embodiment will be
described with reference to FIGS. 1 to 3. FIG. 1 1s a diagram
illustrating a use case of the thermal sensation estimation
apparatus 10 according to the first embodiment. FIG. 2 1s a
block diagram illustrating the configuration of the thermal
sensation estimation apparatus 10 according to the first
embodiment. FIG. 3 1s an example of a thermal image
obtained by the thermal sensation estimation apparatus 10
according to the first embodiment.

As 1llustrated 1in FIG. 1, the thermal sensation estimation
apparatus 10 1s installed 1n a vehicle body 201 of an
automobile 20 (an example of a vehicle). The thermal
sensation estimation apparatus 10 estimates the thermal
sensation of a person 30 (a driver or the like) seated 1n (in
contact with) a seat 202 (an example of a certain member)
of the automobile 20 1n a non-uniform thermal environment
such as an inside of the vehicle body 201 in which, for
example, a cooling operation 1s being performed 1n summer
(or a heating operation 1s being performed in winter). The
non-uniform thermal environment refers to, for example, an
environment 1n which temperature inside the vehicle body
201 has become non-uniform because of air (cold or warm
air) locally blown from an automotive air conditioner 40
installed 1n the vehicle body 201. As described later, the
thermal sensation estimated by the thermal sensation esti-
mation apparatus 10 1s used to control any of air volume, air
temperature, and wind direction of the automotive air con-
ditioner 40. Control units of the thermal sensation estimation
apparatus 10 and the automotive air conditioner 40 may be
implemented as electronic control units (ECUs) and con-
nected to a vehicle network such as a local interconnect
network (LIN) or a controller area network (CAN).

As 1llustrated 1n FIG. 1, the automotive air conditioner 40
cools or heats air inside the vehicle body 201 of the
automobile 20. The automotive air conditioner 40 blows
cold air to an upper half of a body of the person 30 1n a
cooling operation and blows warm air to the upper half of
the body and feet of the person 30 1n a heating operation. In
the present embodiment, a case will be described 1n which
the automotive air conditioner 40 performs a cooling opera-
tion 1n summer. As 1llustrated in FIG. 2, the automotive air
conditioner 40 transmits current setting parameters thereof
to a second heat lost calculation umt 106 (described later) of
the thermal sensation estimation apparatus 10. The setting
parameters are information indicating the air volume (small
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or large), wind direction (feet or the upper halt of the body),
and air temperature (cold or warm) of the automotive air
conditioner 40 and the like.

As the setting parameters of the automotive air condi-
tioner 40, one or a plurality of pieces of information used by
the automotive air conditioner 40 to set the air temperature
and the air volume may be used. The plurality of pieces of
information 1nclude, for example, a) the mtensity of sunlight
obtained by an actinometer, b) an outside temperature
obtained by an outside temperature sensor, ¢) an inside
temperature obtained by an 1nside temperature sensor, d) an
engine coolant temperature obtained by an engine coolant
temperature sensor, €) an evaporator wind temperature
obtained by a thermometer at an end of an evaporator, 1) an
inside setting temperature input by a user, g) a blower motor
voltage for controlling the wind speed of a blower, h) an air
mixture door opening for controlling a mixture ratio of cool
air and warm air, 1) a necessary air temperature indicating a
temperature of air to be blown, j) an air outlet mode
indicating feet, a face, or both, and k) an air inlet mode
indicating inside air or outside arr.

As 1llustrated in FIGS. 1 and 2, the thermal sensation
estimation apparatus 10 includes a thermometer 101, a wind
speed/air temperature sensor 102, a first thermal camera 103,
a second thermal camera 104, a first heat loss calculation
unit 105, the second heat loss calculation unit 106, an area
ratio calculation unit 107, a total heat loss calculation unit
108, a thermal sensation estimation unit 109, and a control
unit 110.

The thermometer 101 1s provided at an air intake port (an
example of a certain position around the person 30) of the
automotive air conditioner 40 and measures a temperature
inside the vehicle body 201 (an example of a temperature
around the person 30).

The wind speed/air temperature sensor 102 measures a
wind speed and an air temperature around a position (e.g., an
abdomen of the person 30) at which the person 30 1s blown
by air from the automotive air conditioner 40. For example,
the wind speed/air temperature sensor 102 measures a wind
speed and an air temperature for each pattern of the setting
parameters of the automotive air conditioner 40 before the
automobile 20 1s shipped. The wind speed/air temperature
sensor 102 transmits the measured wind speed and air
temperature to the second heat loss calculation unit 106, in
which the measured wind speed and air temperature are
stored.

The first thermal camera 103 and the second thermal
camera 104 detect infrared light radiated from objects and
capture thermal images indicating thermal distribution 1n
space. The first thermal camera 103 and the second thermal
camera 104 are provided at different positions 1n the vehicle
body 201. More specifically, as illustrated in FI1G. 1, the first
thermal camera 103 1s mounted on a dashboard of the
vehicle body 201, for example, and captures a thermal image
(an example of a first thermal 1image) of a lower half of the
body of the person 30 1n the seat 202 from the front. The
second thermal camera 104 1s mounted on a rearview mirror
of the vehicle body 201, for example, and captures a thermal
image (an example of second thermal 1mage) of the upper
half of the body of the person 30 in the seat 202 from the
front.

As 1llustrated in FIG. 3, the first thermal camera 103 and
the second thermal camera 104 obtain a thermal 1image of an
area 1ncluding a whole body of the person 30 viewed from
the front by combining a thermal image of the lower half of
the body of the person 30 and a thermal 1mage of the upper
half of the body of the person 30 viewed from the front. In
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the thermal image 1llustrated 1n FIG. 3, the automotive air
conditioner 40 blows cold air to the abdomen of the person
30. A decrease 1n the temperature of the abdomen of the
person 30 1s represented by changes 1n color.

In the following description, a part of a human body
surface area, which includes skin and clothes of the person
30, in a thermal 1mage not exposed to air from the automo-
tive air conditioner 40 (exposed to a first thermal environ-
ment) will be referred to as a windless area 301 (an example
of a first area). On the other hand, a part of a human body
surface area 1n a thermal image exposed to air from the
automotive air conditioner 40 (exposed to a second thermal
environment different from the first thermal environment)
will be referred to as a wind area 302 (an example of a
second area). In the thermal image 1illustrated 1n FIG. 3, the
wind area 302 1s the abdomen of the person 30 and 1dentified
from the second thermal image. The windless area 301 1s a
part other than the abdomen of the person 30 and 1dentified

from the first and second thermal images.

The first heat loss calculation unit 105 calculates the
amount of heat convected in the windless area 301 (an
example of a first amount of heat lost), which 1s the amount
of heat lost from the windless area 301 of the person 30 1n
a unit area. The first heat loss calculation unit 105 also
calculates the total amount of heat radiated, which is the
amount of heat lost from the whole body (the windless area
301 and the wind area 302) of person 30 in a unit area.

The amount of heat convected 1n the windless area 301 1s
the amount of heat lost through convection between air and
the person 30 in the windless area 301. The amount of heat
convected 1n the windless area 301 1s calculated by a
calculation method 1n which a difference between an aver-
age surface temperature of the person 30 1n the windless area
301 (an average surface temperature of a part ol a human
body surface area exposed to the first thermal environment;
an example of a first temperature) and a temperature nside
the vehicle body 201 (an example of first information
indicating thermal characteristics of the first thermal envi-
ronment) 1s multiplied by a convective heat transier coetli-
cient (an example of a certain value) under windless con-
ditions. The average surface temperature of the person 30 1n
the windless area 301 1s obtained from thermal i1mages
captured by the first thermal camera 103 and the second
thermal camera 104. The temperature iside the vehicle
body 201 1s, for example, measured by the thermometer 101.
Alternatively, an average temperature ol a background
image, which 1s a part of a thermal image other than the
person 30, may be used as the temperature inside the vehicle
body 201. The convective heat transier coetlicient under
windless conditions 1s a fixed value set 1n advance.

The total amount of heat radiated 1s calculated by a
calculation method 1n which a difference between an aver-
age radiation temperature (an example of the first informa-
tion) around the person 30 and an average surface tempera-
ture of the whole body of the person 30 1s multiplied by a
radiative heat transfer coeilicient. The average radiation
temperature and the average surface temperature of the
whole body of the person 30 are obtaimned from thermal
images captured by the first thermal camera 103 and the
second thermal camera 104. Alternatively, an average tem-
perature of a background 1mage, which 1s a part of a thermal
image other than the person 30, may be used as the average
radiation temperature. Alternatively, the average radiation
temperature may be obtained by a globe thermometer (not
illustrated) provided in the vehicle body 201. The radiative
heat transfer coeflicient 1s a fixed value set 1n advance.
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The second heat loss calculation unit 106 calculates the
amount of heat convected in the wind area 302 (an example
of a second amount of heat lost), which 1s the amount of heat
lost from the wind area 302 of the person 30 1n a unit area.
The amount of heat convected in the wind area 302 1s the
amount of heat lost through convection between air and the
person 30 1n the wind area 302. The amount of heat
convected 1n the wind area 302 1s calculated by a calculation
method 1n which a difference between an average surface
temperature of the person 30 in the wind area 302 (an
average surface temperature of a part of a human body
surface area exposed to the second thermal environment; an
example of a second temperature) and an air temperature (an
example of second information indicating thermal charac-
teristics of the second thermal environment) 1s multiplied by
a convective heat transfer coeflicient (an example of a
certain value) during air conditioning. The average surface
temperature of the person 30 in the wind area 302 1s obtained
from thermal 1mages captured by the first thermal camera
103 and the second thermal camera 104. After the person 30
1s seated in the seat 202 of the automobile 20 and the
automotive air conditioner 40 begins to operate, the second
heat loss calculation unit 106 reads the setting parameters of
the automotive air conditioner 40 and a wind speed and an
air temperature corresponding to the setting parameters.
Alternatively, the second heat loss calculation unit 106 may
estimate the wind speed and the air temperature by 1denti-
tying a position of the person 30 in the vehicle body 201
using the setting parameters and thermal images.

The second heat loss calculation unit 106 sets the con-
vective heat transfer coetlicient during air conditioning on
the basis of the read wind speed (an example of the second
information). Alternatively, the second heat loss calculation
unit 106 may store 1n advance a table in which wind speed
and the convective heat transfer coeflicient are associated
with each other, for example, and read a convective heat
transier coethicient during air conditioning corresponding to
the wind speed.

In general, the person 30 loses heat to the outside through
a) convection (includes conduction), b) radiation, and c)
expiration and the evaporation of perspiration. Expiration
and the evaporation of perspiration remain constant when
the person 30 1s at rest. The first heat loss calculation unit
105 and the second heat loss calculation unit 106, therefore,
as described above, calculate the amount of heat lost through
convection and the amount of heat lost through radiation,
which are dominant factors in determining thermal sensa-
tion. Specific calculation methods used by the first heat loss
calculation unit 105 and the second heat loss calculation unit
106 will be described later.

The area ratio calculation unit 107 calculates a ratio of an
area of the wind area 302 of the person 30 1n thermal 1images
captured by the first thermal camera 103 and the second
thermal camera 104 to an area of the whole body (the
windless area 301 and the wind area 302) of the person 30.
Because the area of the wind area 302 can be calculated on
the basis of the wind direction and a wind range of the
automotive air conditioner 40, the area of the wind area 302
may be measured in advance, for example, before the
automobile 20 1s shipped. Since the area of the whole body
of the person 30 varies depending on physical features of the
person 30, the area of the whole body of the person 30 1s
calculated from thermal images each time the automotive air
conditioner 40 begins to operate. Alternatively, 1f a tempera-
ture histogram of a human body surface area of thermal
images 1s obtained, for example, a peak of the wind area 302
at which temperature drops and a peak of the windless area
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301 at which temperature does not drop are observed. The

il

area ratio calculation unit 107 may calculate the ratio of the
area of the wind area 302 of the person 30 to the area of the
whole body of the person 30 on the basis of areas of these
peaks. Alternatively, the area ratio calculation umt 107 may
use a preset value as the ratio.

The total heat loss calculation unit 108 calculates the total
amount ol heat convected by weight-averaging the amount
ol heat convected in the windless area 301 calculated by the
first heat loss calculation umt 105 and the amount of heat
convected in the wind area 302 calculated by the second heat
loss calculation unit 106 using the ratio calculated by the
area ratio calculation umit 107. The total amount of heat
convected refers to the amount of heat lost from the whole
body (the windless area 301 and the wind area 302) of the
person 30 1n a unit area. The total heat loss calculation unit
108 also calculates the total amount of heat lost by adding
the total amount of heat convected and the total amount of
heat radiated calculated by the first heat loss calculation unit
105 and multiplying a result of the addition by a certain area
ratio. The total amount of heat lost 1s the amount of heat lost
from the whole body of the person 30 1n a unit area. A
specific calculation method used by the total heat loss
calculation unit 108 will be described later.

The thermal sensation estimation unit 109 estimates the
thermal sensation of the person 30 on the basis of the total
amount of heat lost calculated by the total heat loss calcu-
lation unit 108. A specific estimation method used by the
thermal sensation estimation unit 109 will be described later.

The control unit 110 transmits (outputs), to the automo-
tive air conditioner 40, instruction information for control-
ling at least one of the air volume, air temperature, and wind
direction of the automotive air conditioner 40 on the basis of
thermal sensation estimated by the thermal sensation esti-
mation unit 109. Setting parameters ol the automotive air
conditioner 40 controlled on the basis of a thermal sensation
include a) the blower motor voltage for controlling the wind
speed of the blower, b) the air mixture door opening for
controlling the mixture ratio of cool air and warm air, ¢) the
necessary air temperature indicating the temperature of air to
be blown, d) the air outlet mode indicating feet, a face, or
both, and k) the air inlet mode indicating inside air or outside
air. The evaporator temperature and the engine coolant
temperature may also be controlled, if possible.

Some or all of the first heat loss calculation unit 105, the
second heat loss calculation unit 106, the area ratio calcu-
lation unit 107, the total heat loss calculation unit 108, the
thermal sensation estimation unit 109, and the control unit
110 may be achieved as soltware by a processor (not
illustrated), which 1s included in the thermal sensation
estimation apparatus 10, that executes a program, or may be
achieved as hardware by a dedicated circuit. Information
used by the above components for their respective processes
1s stored 1 a memory (not illustrated) or a storage (not
illustrated) included in the thermal sensation estimation
apparatus 10.

1-2. Operation of Thermal Sensation Estimation Apparatus

Next, the operation (the method for estimating thermal
sensation) of the thermal sensation estimation apparatus 10
according to the first embodiment will be described with
reference to FIG. 4. FIG. 4 1s a flowchart illustrating a
procedure of the operation of the thermal sensation estima-
tion apparatus 10 according to the first embodiment.

As 1llustrated 1n FIG. 4, first, before the automobile 20 1s
shipped, for example, the wind speed/air temperature sensor
102 measures the wind speed and the air temperature of the
automotive air conditioner 40 for each pattern of the setting
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parameters of the automotive air conditioner 40 and stores
the measured wind speed and air temperature 1n the second
heat loss calculation unit 106 (5101).

After the person 30 gets in the automobile 20 and the
automotive air conditioner 40 begins to operate, the setting
parameters of the automotive air conditioner 40 are set
(S102).

The first thermal camera 103 and the second thermal
camera 104 then capture thermal 1mages of the whole body
of the person 30 from the front (5103).

The second heat loss calculation unit 106 then reads a
wind speed corresponding to the setting parameters set in
step S102 and sets a convective heat transfer coeflicient hcw
during air conditioning on the basis of the read wind speed
(S104).

The second heat loss calculation unit 106 then obtains an
average surface temperature Tcw 1n the wind area 302 on the
basis of the thermal images captured i step S103. The
second heat loss calculation unit 106 also reads an air
temperature Tw corresponding to the setting parameters set
in step S102. The second heat loss calculation umt 106
calculates an amount Hcw of heat convected 1n the wind area
302 using a calculation method mm which a difference
between the average surface temperature Tcw 1n the wind
area 302 and the air temperature Tw 1s multiplied by the
convective heat transfer coetlicient hcw during air condi-
tioming as 1n expression (1) (S105).

Hew=hewx(Tew-1Tw) (1)

Hcw: Amount of heat convected 1n wind area
hcw: Convective heat transfer coetlicient during air condi-
tioning
Tw: Air temperature
Tcw: Average surface temperature 1 wind area

The first heat loss calculation unit 105 then obtains an
average surface temperature Tcnw 1n the windless area 301
on the basis of the thermal 1images captured 1n step S103.
The first heat loss calculation unit 105 also obtains a
temperature Ta inside the vehicle body 201 measured by the
thermometer 101. The first heat loss calculation unit 105
calculates an amount Henw of heat convected 1n the wind-
less area 301 using a calculation method 1n which a difler-
ence between the average surface temperature Tcnw in the
windless area 301 and the temperature Ta 1s multiplied by a
convective heat transfer coethicient hcnw under windless
conditions as 1n expression (2) (S106).

(2)

Henw=henwx(Icnw-1a)

Hcnw: Amount of heat convected 1n windless area
hcnw: Convective heat transter coeflicient under windless
conditions
la: Temperature
Tcenw: Average surface temperature in windless area

The area ratio calculation unit 107 then calculates a ratio
Ww (=Wa/Wt) of an areca Wa of the wind area 302 of the
person 30 to an area Wt of the whole body of the person 30
on the basis of the thermal 1images captured 1n step S103.
The total heat loss calculation unit 108 then calculates a total
amount Hc of heat convected by weight-averaging the
amount Hcw of heat convected 1in the wind area 302 and the
amount Hcnw of heat convected in the windless area 301

using the ratio Ww (S107).

He=WwxHew+(1-Ww)xHcnw (3)

Hc: Total amount of heat convected
Ww: Ratio of area of wind area to area of whole body

10

15

20

25

30

35

40

45

50

55

60

65

14

The first heat loss calculation umt 105 then obtains an
average radiation temperature Tr and an average surface
temperature Tc of the whole body on the basis of the thermal
images captured in step S103. The first heat loss calculation
unmit 105 calculates a total amount Hr of heat radiated using
a calculation method 1n which a difference between the
average surface temperature Tc of the whole body and the
average radiation temperature Tr 1s multiplied by the radia-
tive heat transier coeflicient hr as 1n expression (4) (5108).

Hr=hrx(Ic-1r) (4)

Hr: Total amount of heat radiated
hr: Radiative heat transfer coeflicient
Tc: Average surface temperature of whole body
Tr: Average radiation temperature

The total heat loss calculation unit 108 then adds the total
amount Hc of heat convected and the total amount Hr of heat
radiated as i expression (5). The total heat loss calculation
unmt 108 also calculates a total amount H of heat lost by
multiplying a result of the addition by 1-Ws, which 1s a ratio
(Wb/Wt) of an area Wb of an insulated part 303 of the
person 30 (a part of the person 30 insulated by the seat 202)
to the area Wt of the whole body of the person 30, as in
expression (35) (5109).

H=(Hc+Hr)x(1-Ws) (3)

H: Total amount of heat lost
Ws: Ratio of area of insulated part 303 to area of whole body
The thermal sensation estimation unit 109 then estimates
a thermal sensation Ts on the basis of the total amount H of
heat lost as 1 expression (6) (S110). The thermal sensation
Ts ranges, for example, from “-4" (cold) to “+4” (hot). A
central value “0” (neutral) of the thermal sensation Tsl
indicates a comiortable state.

Is=axH+b (6)

Ts: Thermal sensation
a: Coellicient
b: Y-intercept

The control unit 110 then transmits nstruction informa-
tion to the automotive air conditioner 40 on the basis of the
estimated thermal sensation Ts (S111). As a result, at least
one of the air volume, air temperature, and wind direction of
the automotive air conditioner 40 1s controlled such that, for
example, the thermal sensation Ts becomes close to the
value (neutral value) at which the person 30 does not feel
cold or hot.
1-3. Advantageous Eflects

As described above, when a part of a human body surface
area 1s exposed to air from the automotive air conditioner 40,
for example, the thermal sensation estimation apparatus 10
according to the present embodiment calculates the amount
ol heat lost 1n the wind area 302 and the amount of heat lost
in the windless area 301 and then calculates the total amount
of heats lost by combining the amount of heat lost 1n the
wind area 302 and the amount of heat lost 1n the windless
arca 301 using an area ratio. The thermal sensation estima-
tion apparatus 10 then estimates thermal sensation on the
basis of the total amount of heat lost calculated in this
manner. That 1s, since the thermal sensation estimation
apparatus 10 calculates the total amount of heat lost 1n
consideration of the human body surface area exposed to a
non-uniform thermal environment, the thermal sensation
estimation apparatus 10 can accurately estimate thermal
sensation even 1f the person 30 is 1n a non-uniform thermal
environment.
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By installing the thermal sensation estimation apparatus
10 1n the automobile 20, for example, the automotive air

conditioner 40 can be controlled such that the thermal
sensation becomes close to a value at which the person 30
does not feel cold or hot. As a result, the automotive air
conditioner 40 does not cool or heat too much, and power 1s
saved. The power that would otherwise be consumed by the
automotive air conditioner 40, therefore, can be used to
drive the automobile 20, and the automobile 20 can travel a
longer distance.

Furthermore, since the thermal sensation estimation appa-
ratus 10 according to the present embodiment estimates
thermal sensation on the basis of the total amount of heat lost
from the whole body of the person 30 in a unit area, the
thermal sensation estimation apparatus 10 can estimate
thermal sensation that does not depend on the physical
teatures of the person 30.

Second Embodiment

2-1. Configuration of Thermal Sensation Estimation Appa-
ratus

Next, the configuration of a thermal sensation estimation
apparatus 10A according to a second embodiment will be
described with reference to FIGS. § and 6. FIG. 5 15 a
diagram 1llustrating a use case of the thermal sensation
estimation apparatus 10A according to the second embodi-
ment. FIG. 6 1s a block diagram 1llustrating the configuration
of the thermal sensation estimation apparatus 10A according
to the second embodiment. In the present embodiment, the
same components as those according to the first embodiment
are given the same reference numerals, and description
thereof 1s omitted.

In the present embodiment, a case will be described in
which the automotive air conditioner 40 performs a heating,
operation in winter. As illustrated in FI1G. 5, seat heaters 203
for heating a back of the person 30 are provided 1n the seat
202 of the automobile 20.

As 1llustrated in FIGS. 5§ and 6, the thermal sensation
estimation apparatus 10A includes heat flow meters 112, a
third heat loss calculation unit 113, and a hygrometer 114 in
addition to the components described in the first embodi-
ment.

As 1illustrated 1n FIG. 5, the heat flow meters 112 are
provided on the seat heaters 203 and measure the amount of
heat transferred from the seat heaters 203 to the person 30
(an example of the amount of heat transferred between the
seat 202 and the person 30). Alternatively, the heat flow
meters 112 may measure the amount of heat that the seat
heaters 203 recerve from the person 30 (an example of the
amount of heat transferred between the seat 202 and the
person 30).

The third heat loss calculation unit 113 calculates the
amount of heat conducted (an example of a third amount of
heat lost) 1n a seat part 304 (an example of a third area), in
which the person 30 1s 1n contact with the seat heaters 203,
of the human body area. More specifically, the third heat loss
calculation umt 113 calculates a reciprocal of the amount of
heat transferred from the seat heaters 203 to the person 30
measured by the heat flow meters 112 as the amount of heat
conducted 1n the seat part 304.

Although the third heat loss calculation unit 113 calcu-
lates the amount of heat conducted using the heat tlow
meters 112 1n the present embodiment, the components used
by the third heat loss calculation unit 113 to calculate the
amount of heat conducted are not limited to this. For
example, thermometers (not illustrated) may be provided on
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the seat heaters 203 instead of the heat tlow meters 112. In
this case, the third heat loss calculation unit 113 calculates
the amount of heat conducted on the basis of temperatures
calculated by the thermometers. Alternatively, the heat tlow
meters 112 may be omitted. In this case, the third heat loss
calculation unit 113 calculates (estimates) the amount of

heat conducted on the basis of power (current) supplied to
the seat heaters 203.

The hygrometer 114 1s provided inside the vehicle body
201 of the automobile 20 and measures a humidity (an
example of a thermal environment) mside the vehicle body
201. The hygrometer 114 transmits humidity information
regarding the measured humidity to a first heat loss calcu-
lation unit 105A. The first heat loss calculation unit 105A
corrects the convective heat transfer coetlicient hcnw under
windless conditions 1n accordance with the received humid-
ity information.

The third heat loss calculation unit 113 may be achieved
as software by a processor (not illustrated), which 1is
included 1n the thermal sensation estimation apparatus 10A,
that executes a program, or may be achieved as hardware by
a dedicated circuit. Information used by the third heat loss
calculation unit 113 to perform a process 1s stored in a
memory (not illustrated) or a storage (not illustrated)
included 1n the thermal sensation estimation apparatus 10A.
2-2. Operation of Thermal Sensation Estimation Apparatus

Next, the operation (the method for estimating thermal
sensation) of the thermal sensation estimation apparatus 10A
according to the second embodiment will be described with
reference to FIG. 7. FIG. 7 1s a tlowchart illustrating a
procedure of the operation of the thermal sensation estima-
tion apparatus 10A according to the second embodiment. In
FIG. 7, the same steps as those according to the first
embodiment 1llustrated 1n FIG. 4 are given the same refer-
ence numerals, and description thereof 1s omitted.

First, as 1n the first embodiment, steps S101 to S105 are
performed. The first heat loss calculation unit 105A then
corrects the convective heat transier coetlicient hcnw under
windless conditions in accordance with humidity informa-
tion from the hygrometer 114 to obtain a convective heat
transier coethicient hcnw' under windless conditions (S201).

The first heat loss calculation unit 105A then calculates
the amount Henw of heat convected 1n the windless area 301
based on the humidity using a calculation method 1n which
the difference between the average surface temperature
Tcnw 1n the windless area 301 (refer to FIG. 3) and the
temperature Ta 1s multiplied by the convective heat transier

coellicient hcnw' under windless conditions as 1n expression
(7) (5202).

(7)

Hcnw: Amount of heat convected 1in windless area based on
humidity
henw': Convective heat transfer coellicient under windless
conditions
la: Temperature
Tenw: Average surface temperature in windless area

Steps S107 and S108 are then performed as in the first
embodiment. The third heat loss calculation unit 113 then
calculates the reciprocal of the amount of heat transferred

from the seat heaters 203 to the person 30 measured by the
heat flow meters 112 as the amount Hcd of heat conducted
in the seat part 304 (5203).

A total heat loss calculation unit 108A then calculates the
total amount H of heat lost by weight-averaging the total
amount Hc of heat convected, the total amount Hr of heat

Henw=henwx(Icnw—-1a)
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radiated, and the amount Hcd of heat conducted using an
area ratio Wst as 1n expression (8) (5204).

H=(Hc+Hr)x(1-Wst)+ WsixxHcd (8)

H: Total amount of heat lost

Wst: Ratio of area of seat part 304 to area of whole body
Hcd: Amount of heat conducted

Steps S110 and S111 are then performed as 1n the first
embodiment.

2-3. Advantageous Ellects

As described above, the thermal sensation estimation
apparatus 10A according to the present embodiment calcu-
lates the amount of heat lost 1n the wind area 302 (refer to
FIG. 3) and the amount of heat lost 1n the windless area 301,
calculates the reciprocal of the amount of heat transferred
from the seat heaters 203 to the person 30 as the amount Hed
of heat conducted in the seat part 304, and calculates the
total amount of heat lost by combiming these using an area
ratio. As a result, thermal sensation can be accurately
estimated as 1n the first embodiment even in a non-uniform
thermal environment 1n which, for example, the automotive
air conditioner 40 and the seat heaters 203 heat the air inside
the vehicle body 201 in winter.

Modifications

Although the method for estimating thermal sensation and
the like according to one or a plurality of aspects have been
described on the basis of the first and second embodiments,
the present disclosure 1s not limited to the first and second
embodiments. The one or plurality of aspects may also
include modes obtained by moditying the first or second
embodiment 1n various ways concervable by those skilled 1n
the art and modes constructed by combining different com-
ponents 1n the first and second embodiments insofar as the
scope ol the present disclosure 1s not deviated from. For
example, the first and second embodiments may be com-
bined with each other.

Although the seat heaters 203 for heating the back of the
person 30 are provided in the seat 202 in the second
embodiment, for example, a steering wheel heater for heat-
ing hands of the person 30 may be provided in a steering
wheel 204 (refer to FIG. §), instead. In this case, the steering
wheel 204 1s provided with a heat flow meter or a thermom-
cter for measuring the amount of heat transferred between
the steering wheel 204 and the person 30. In this case, too,
the amount of heat lost can be calculated using the same
method as above.

Although the air conditioner 1s the automotive air condi-
tioner 40 1n the above embodiments, for example, the air
conditioner may be a spot air conditioner installed 1n a room,
instead.

Although the vehicle 1s the automobile 20 in the above
embodiments, for example, the vehicle may be a train, an
airplane, or the like, instead.

Although the thermal sensation estimation apparatus 10
(10A) 1s mnstalled 1n the automobile 20 1n the above embodi-
ments, for example, the thermal sensation estimation appa-
ratus 10 (10A) may be installed 1n a room of a house,
instead.

Some or all of the components of the apparatuses may be
achieved by an integrated circuit (IC) card or a separate
module removably attached to the apparatuses. The 1C card
or the module 1s a computer system including a micropro-
cessor, a read-only memory (ROM), and a random-access
memory (RAM). The IC card or the module may include a
super-multifunctional large-scale integration (LLSI) circuit.
When the microprocessor operates 1 accordance with a
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computer program, the IC card or the module achieves
functions thereof. The IC card or the module may be
tamper-resistant.

The present disclosure may be the above-described meth-
ods. The present disclosure may be a computer program that
achieves these methods using a computer, or may be a digital
signal including the computer program. The present disclo-
sure may be a computer-readable recording medium storing
the computer program or the digital signal, such as a tlexible
disk, a hard disk, a CD-ROM, a magneto-optical (MO) disk,
a digital versatile disc (DVD), a DVD-ROM, a DVD-RAM,
a Blu-ray Disc (BD; registered trademark), or a semicon-
ductor memory. The present disclosure may be the digital
signal stored in the recording medium. The present disclo-
sure may be the computer program or the digital signal
transferred through an electrical communication line, a
wireless or wired communication line, a network typified by
the Internet, datacasting, or the like. The present disclosure
may be a computer system including a microprocessor and
a memory. The memory may store the computer program,
and the microprocessor may operate 1 accordance with the
computer program. The present disclosure may be 1mple-
mented by another independent computer system by trans-
ferring the program or the digital signal stored in the
recording medium or by transferring the program or the
digital signal through the network or the like.

The present disclosure can be used, for example, for a
method for estimating thermal sensation.

What 1s claimed 1s:

1. A method used by a thermal sensation estimation
apparatus, the method comprising;

obtaining a thermal 1mage of an area including a person

captured by a thermal camera;
calculating, on the basis of the thermal image, a first
temperature, which 1s a surface temperature of a first
area, which 1s a part of a human body surface area
including skin or clothes of the person, exposed to a
first thermal environment, and a second temperature,
which 1s a surface temperature of a second area, which
1s at least a part of the human body surface area other
than the first area, exposed to a second thermal envi-
ronment diflerent from the first thermal environment;

calculating a first amount of heat lost, which 1s an amount
of heat lost from the first area of the person 1n a unit
arca, on the basis of the first temperature and first
information indicating thermal characteristics of the
first thermal environment;
calculating a second amount of heat lost, which 1s an
amount of heat lost from the second area of the person
in a unit area, on the basis of the second temperature
and second imnformation indicating thermal characteris-
tics of the second thermal environment:
obtaining an area ratio of the first area to the second area;
calculating a total amount of heat lost, which 1s an amount
ol heat lost from a whole body of the person 1n a unit
area, on the basis of the first amount of heat lost, the
second amount of heat lost, and the area ratio; and

estimating thermal sensation, which indicates a degree of
warmth or coldness of the person, on the basis of the
total amount of heat lost.

2. The method according to claim 1,

wherein the first area includes at least a part of the human

body surface area not exposed to air from an air
conditioner, and

wherein the second area includes at least a part of the

human body surface area exposed to the air from the air
conditioner.
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3. The method according to claim 1,

wherein the total amount of heat lost 1s calculated by
weilght-averaging the first amount of heat lost and the
second amount of heat lost using the area ratio.

4. The method according to claim 1,

wherein the area ratio 1s calculated on the basis of an area
of the first area and an area of the second area in the
thermal 1mage.

5. The method according to claim 1,

wherein the area ratio 1s calculated on the basis of a
temperature histogram of the thermal image.

6. The method according to claim 1,

wherein the area ratio 1s a preset value.

7. The method according to claim 1,

wherein the thermal camera includes a first thermal cam-
era provided at a certain position and a second thermal
camera provided at a position different from that of the
first thermal camera,

wherein the thermal 1mage includes a first thermal 1mage
captured by the first thermal camera and a second
thermal 1mage captured by the second thermal camera,

wherein the first area 1s 1dentified from the first thermal
image, and

wherein the second area 1s identified from the second
thermal 1mage.

8. The method according claim 1,

wherein the person 1s 1n contact with a certain member,

wherein an amount of heat transierred between the person
and the certain member 1n a third area, which 1s a part
of the human body surface area in which the person 1s
in contact with the certain member, 1s calculated on the
basis of an amount of heat received by or lost from the
certain member,

wherein an area ratio of the first area, the second area, and
the third area i1s obtained, and

wherein the total amount of heat lost 1s calculated on the
basis of the first amount of heat lost, the second amount
of heat lost, the amount of heat transferred, and the area
ratio.

9. The method according to claim 8,

wherein the certain member 1s at least either a seat of a
vehicle 1n which the person stays or a steering wheel,
and

wherein the amount of heat transferred 1s an amount of
heat transferred on a surface of the person’s body at

which the person 1s in contact with at least either the
seat or the handle.

10. The method according to claim 9,

wherein the amount of heat transferred 1s measured by a
thermometer provided for at least either the seat or the
steering wheel.

11. The method according to claim 9,

wherein the amount of heat transterred 1s measured by a
heat flow meter provided for at least either the seat or
the steering wheel.

12. The method according to claim 1,

wherein at least either the first information or the second
information includes a temperature around the person.

13. The method according to claim 12,

wherein at least either the first amount of heat lost or the
second amount of heat lost 1s calculated by a calcula-
tion method 1 which a difference between the first
temperature or the second temperature, whichever cor-
responds to the amount of heat lost, and the temperature
1s multiplied by a certain value.
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14. The method according to claim 12,

wherein the temperature 1s calculated on the basis of a
thermal 1mage representing temperature distribution in
space.

15. The method according to claim 12,

wherein the temperature 1s measured by a thermometer
provided at a certain position around the person.

16. The method according to claim 1,

wherein at least either the first information or the second
information includes radiation temperature.

17. The method according to claim 16,

wherein the radiation temperature 1s calculated on the
basis of a thermal image representing temperature
distribution in space.

18. The method according to claim 1,

wherein at least either the first information or the second
information includes wind speed and air temperature of
wind around the person.

19. The method according to claim 18,

wherein a convective heat transfer coetlicient between the
human body surface area and at least either the first
thermal environment or the second thermal environ-
ment 15 set 1 accordance with the wind speed, and

wherein at least either the first amount of heat lost or the
second amount of heat lost 1s calculated on the basis of
the convective heat transfer coeflicient, the air tempera-
ture, and the first temperature or the second tempera-
ture, whichever corresponds to the amount of heat lost.

20. The method according to claim 19,

wherein at least erther the first amount of heat lost or the
second amount of heat lost 1s calculated by a calcula-
tion method in which a difference between the first
temperature or the second temperature, whichever cor-
responds to the amount of heat lost, and the air tem-
perature 1s multiplied by the convective heat transier
coellicient.

21. The method according to claim 19,

wherein the wind speed and the air temperature are wind
speed and air temperature of air from an air conditioner
installed 1n space where the person stays.

22. The method according to claim 21, further compris-

ng:

obtaining setting parameters of the air conditioner; and

calculating at least either the first amount of heat lost or
the second amount of heat lost using the wind speed
and the air temperature set using the setting parameters.

23. The method according to claim 22, further compris-

ng:

measuring 1n advance the wind speed and the air tem-
perature at each position 1n the space for each pattern
of the setting parameters of the air conditioner;

estimating the wind speed and the air temperature 1n the
human body surface area by i1dentifying a position of
the person 1n the space using the setting parameters of
the air conditioner and the thermal 1image; and

calculating at least either the first amount of heat lost and
the second amount of heat lost using the estimated wind
speed and air temperature.

24. The method according to claim 1,

wherein the first thermal environment and the second
thermal environment include humidity around the per-
SOI.

25. The method according to claim 1, further comprising:

outputting, to an air conditioner, instruction information
for controlling air volume, air temperature, or wind
direction of the air conditioner 1n accordance with the
estimated thermal sensation.
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26. The method according to claim 1,

wherein the thermal 1mage 1s captured iside a vehicle
body of a vehicle 1n which the person stays.

277. A thermal sensation estimation apparatus comprising;:

a processor; and

a memory,

wherein the processor performs operations including

obtaining a thermal image of an area including a person
captured by a thermal camera,

calculating, on the basis of the thermal image, a first
temperature, which 1s a surface temperature of a first
area, which 1s a part of a human body surface area
including skin or clothes of the person, exposed to a
first thermal environment, and a second temperature,
which 1s a surface temperature of a second area, which
1s at least a part of the human body surface area other
than the first area, exposed to a second thermal envi-
ronment different from the first thermal environment,

calculating a first amount of heat lost, which 1s an amount
of heat lost from the first area of the person in a unit
area, on the basis of the first temperature and {first
information indicating thermal characteristics of the
first thermal environment,

calculating a second amount of heat lost, which 1s an
amount of heat lost from the second area of the person
in a unit area, on the basis of the second temperature
and second information indicating thermal characteris-
tics of the second thermal environment,

obtaining an area ratio of the {irst area to the second area,

calculating a total amount of heat lost, which 1s an amount
of heat lost from a whole body of the person in a unit
area, on the basis of the first amount of heat lost, the
second amount of heat lost, and the area ratio, and

estimating thermal sensation, which indicates a degree of
warmth or coldness of the person, on the basis of the
total amount of heat lost.

28. An air conditioner comprising:

the thermal sensation estimation apparatus according to
claim 27,

22

wherein air volume, air temperature, or wind direction 1s
controlled on the basis of the thermal sensation esti-
mated by the thermal sensation estimation apparatus.

29. A non-transitory recording medium storing a program

> for causing a computer to function as a thermal sensation
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estimation apparatus, the program causing the computer to
perform operations comprising:

obtaining a thermal 1mage of an area including a person
captured by a thermal camera;

calculating, on the basis of the thermal image, a first
temperature, which 1s a surface temperature of a first
arca, which 1s a part of a human body surface area
including skin or clothes of the person, exposed to a
first thermal environment, and a second temperature,
which 1s a surface temperature of a second area, which
1s at least a part of the human body surface area other
than the first area, exposed to a second thermal envi-
ronment different from the first thermal environment;

calculating a first amount of heat lost, which 1s an amount
of heat lost from the first area of the person 1n a unit
arca, on the basis of the first temperature and first
information indicating thermal characteristics of the
first thermal environment;

calculating a second amount of heat lost, which 1s an
amount of heat lost from the second area of the person
in a unit area, on the basis of the second temperature
and second information indicating thermal characteris-
tics of the second thermal environment:

obtaining an area ratio of the first area to the second area;

calculating a total amount of heat lost, which 1s an amount
ol heat lost from a whole body of the person 1n a unit
area, on the basis of the first amount of heat lost, the

second amount of heat lost, and the area ratio; and

estimating thermal sensation, which indicates a degree of
warmth or coldness of the person, on the basis of the
total amount of heat lost.
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